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PLAIN LANGUAGE SUMMARY 
 
 This work studies the interactions and relationships that exist between Eastern 
Grey Kangaroos and Black Wallabies in their utilisation of spatial and trophic 
resources in a managed remnant woodland community.  The thesis provides a closer 
understanding of the way in which these species impact upon their habitats. 
 The Coranderrk Reserve, near Healesville in eastern Victoria, Australia was 
the study site.  A floristic analysis of the communities of the study site was conducted.  
This consisted of plant biomass measurements, estimates of plant abundance and 
cover determinations. 
 Faecal pellets from Eastern Grey Kangaroos and Black Wallabies were 
collected from ten vegetation communities during three different plant productivity 
periods.  The spatial and temporal distribution of the animals was identified by 
analysing the frequency of occurrence of faecal pellets in the various communities.  
The use of faecal pellet density as a measure of habitat utilisation was examined. 
 Eastern Grey Kangaroos utilised communities which were characterised by the 
presence of a dense grassy stratum.  Black Wallabies were able to utilise all of the 
communities of the study site regardless of their floristic composition. 
 A reference herbarium of the leaf epidermis of 233 possible forage plant 
species was accumulated.  These epidermal specimens were prepared for Confocal 
Scanning Laser Microscopy.  The information gained was enhanced and stored 
digitally.  Diagnostic information critical for the identification of plant epidermal 
fragments was assembled into a computer database.  This was used to assist in the 
recognition of unknown epidermal fragments in macropodid faeces. 
 These epidermal plant recognition techniques enabled a list of the contents of 
Eastern Grey Kangaroo and Black Wallaby faeces during the sampling periods in the 
individual communities, to be accumulated.  Eastern Grey Kangaroos utilised forage 
which consisted largely of grass and their diets were similar regardless of their 
feeding sites or the time of the year.  Black Wallaby diets were heterogenous with 
wide variations over space and time observed. 
 The implications of these findings for current wildlife management practices 
were considered. Black Wallaby and Eastern Grey Kangaroo herbivory have 
significant impacts on ecosystem integrity. Management strategies should seek to 
establish ecologically sustainable populations of both species in remnant woodlands 
where conservation values are important. 
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ABSTRACT 
 
 This work studies the relationship that exists between the resource utilisation of two large 
macropodid species and its impact on their distribution and abundance in a managed remnant woodland 
environment in Victoria, Australia.    
 Managed remnant woodlands offer conservationists many strategic decision making 
opportunities.  The arrival of European agriculture, its accompanying suite of introduced species, 
structural changes to the vegetation and the concomitant disappearance of ancient, indigenous practices 
has brought into focus ecologically based disturbances in natural processes and regimes which challenge 
current practices. 
 The Black Wallaby (Wallabia bicolor Desmarest) (also known as the Swamp Wallaby) and the 
Eastern Grey Kangaroo (Macropus giganteus Shaw) (Marsupialia, Macropodidae) are two species of 
large macropodid that occupy many such habitats in south-eastern Australia.  The management of these 
macropodids has often been problematic.  This thesis provides a closer understanding of the way in 
which these species interact to allow them to occupy similar habitats.  It also provides information 
managers can use to assist them in providing solutions which arise when the species are present in 
confined, remnant woodland habitat patches. 
 A managed remnant woodland community in eastern Victoria was the study site.  Faecal pellets 
from Eastern Grey Kangaroos and Black Wallabies were collected from ten different communities on 
three occasions over one calendar year.  The spatial and temporal distribution of the animals over the 
seasons was identified by analysing the frequency of occurrence of fresh faecal pellets in the various 
communities.  These distribution patterns were then compared with the botanical composition.  Hence a 
floristic analysis of these communities was also conducted during this field work.  This consisted of plant 
biomass measurements, estimates of abundance and cover determinations. The utilisation of various plant 
associations and communities by the two macropodid was then measured. 
 A reference herbarium of the stem, abaxial and adaxial leaf epidermis of 233 species of plants 
was accumulated to assist in determining the foods taken by the two macropodid species.  The epidermal 
specimens were prepared for, and examined using Confocal Scanning Laser Microscopy (CSLM).  The 
information gained was enhanced and stored digitally and a digital image herbarium was thus amassed.  
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Diagnostic information critical for the identification of these epidermal fragments was assembled into a 
computer database which was then used to assist in the recognition of unknown epidermal fragments in 
macropodid faeces. 
 These epidermal plant recognition techniques enabled a comprehensive list of the cuticular 
contents of Eastern Grey Kangaroo and Black Wallaby faeces during the sampling periods in the 
individual communities to be accumulated.  By correlating the abundance of dietary plants in the field to 
their frequency of occurrence in the faeces a measurement of macropodid dietary selection was made.   
 For Eastern Grey Kangaroos, diets demonstrated small variations over the seasons but remained 
constant in any one season over the communities studied.  Similarly diet selection was shown to be 
constant over the year and throughout the different communities studied.  The occupation of habitat by 
Eastern Grey Kangaroos could be demonstrated to be a function of floristic structure, and kangaroos 
appear to be less able to utilise diverse food species than are wallabies.   
 Black Wallabies showed considerable differences in their diets over both the  seasons and the 
communities at any one time.  They were able to utilise diverse community structures and plant 
associations, including food niche used by Eastern Grey Kangaroos when it was available.  Black 
Wallabies were shown to be generalist feeders.   
 Historically the two macropodid species have been considered able to co-exist because Eastern 
Grey Kangaroos were thought to utilise graze whilst Black Wallabies were considered browsers.  The 
findings of this work indicate that there is significant overlap in dietary components of the two species.  If 
Black Wallabies utilise Eastern Grey Kangaroo feeding habitat then competition for forage may occur.  
Similarly, the diet of Black Wallabies was found to be more diverse than that of Eastern Grey Kangaroos 
and  it is concluded that Black Wallabies are more capable of utilising a variety of food resources than 
Eastern Grey Kangaroos, which were found to be more specialist feeders.  Black Wallabies are 
therefore considered to be largely responsible for decreases in plant diversity which may be observed 
when populations of the two macropodid species increase in size in shared habitat in the absence of 
significant predation. 
  The use of faecal pellet density as a measure of habitat utilisation by macropodids is examined 
and it is concluded that although the method has merit great care must be used in its application.  The rate 
of faecal pellet production and the number of scats produced changes with the seasons and the habitat 
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utilised.  The method must therefore be temporally and spatially  standardised.  It was shown that for the 
two macropodid species studied at the Coranderrk Reserve, faecal pellet counts were satisfactory 
measures of animal densities and that it was not necessary to measure their biomass.  Black Wallabies 
used habitat in all communities in the study site and were able to utilise resources in a variety of habitats.  
Eastern Grey Kangaroos selected habitat more narrowly, limiting themselves to grassy and more open 
ecosystems.  Significant resource partitioning with respect to diet and habitat selection was demonstrated.  
 The implications of these findings for current wildlife management practices involving populations 
of these two species is discussed.  It is recommended that both species need to be targeted in control 
strategies.  A common current practice is to reduce the numbers of Eastern Grey Kangaroos only.  It is 
argued in this work that such monospecific population reduction techniques will not address the observed 
decreases in plant diversity which accompany population increases.  It is concluded that Black Wallaby 
herbivory also impacts significantly on ecosystem integrity and that management strategies should be 
implemented which establish sustainable populations of both species. 
     4 
CHAPTER 1 
 
INTRODUCTION 
1.1.  The Background for the Work 
 The native animals of Australia have experienced significant changes in their environment since 
European settlement.  Most of these changes have resulted from agricultural activities (Kaufman and 
Franz 1993; Commonwealth of Australia 1994) and the modern concepts of ecologically sustainable 
development have, as part of their focus an emphasis on biodiversity (Watson 1999). 
 The removal of predators, the cessation of indigenous peoples’ activities and the provision of 
water and fodder have advantaged some native animal species and disadvantaged others.  The influx of 
Europeans has had several effects on macropodid species.  These effects include increases in populations 
of large macropodids. Strategic management responses have therefore concentrated on population 
reductions, usually by culling (Coulson 1990a; McLeod 1998).  These strategies have been necessitated 
because most of the normal population limiting factors for macropodids, such as predation and lack of 
water have disappeared.  These high densities of macropodids have been held responsible for 
environmental degradation which includes reductions in plant and animal biodiversity, soil erosion, the 
inhibition of shrub and tree recruitment, habitat deterioration and promotion of the growth of exotic plant 
species (Neave and Tanton 1989; Morgan 1990; Alexander 1997; Nelson 1998). 
 The Eastern Grey Kangaroo is one macropodid in which high populations have resulted from 
anthropogenic habitat changes.   The Black Wallaby is a macropodid whose distribution is similar to that 
of the Eastern Grey Kangaroo.  Although the Black Wallaby is recognised as a pest species in 
commercial timber plantations (Waters 1985; Clunie and Becker 1991; Montague 1996), it has not been 
implicated in wide scale environmental degradation to the same extent as the Eastern Grey Kangaroo, 
perhaps because knowledge about the Black Wallaby is not as well documented as that for the large 
kangaroo species (Merchant 1988; Cronin 1991). 
 At the Coranderrk Reserve, near Healesville Victoria, conservation values underpin management 
of this agriculturally modified remnant woodland.  Significant deterioration in the vegetation structure and 
diversity of the Coranderrk Reserve has been a problem that management has wished to address (Slinger 
pers. comm.).  Senior managers at the Coranderrk Reserve have considered that both Black Wallabies 
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and Eastern Grey Kangaroos were responsible for the deterioration in habitat quality but that the relative 
contribution of each species to this habitat modification was unclear. 
 
1.2.  The Problem 
 The management of macropodid populations in the forests, remnant woodlands and in State and 
National Parks of eastern Australia has concentrated on Eastern Grey Kangaroos (Coulson 1998). 
There have been few reports on habitat modification caused by high densities of Black Wallabies which 
are sympatric with Eastern Grey Kangaroos at many such sites.  
 Knowledge about the effect of interaction between the Black Wallaby and the Eastern Grey 
Kangaroo on their diets and spatial resource use is not complete.  Similarly, there have been no reports 
of spatial and temporal use of habitats by the two species and the interaction between them.  
 If maintenance of high plant diversity is a goal of management plans for certain sites, then an 
understanding of Eastern Grey Kangaroo and Black Wallaby herbivory in these sites will be essential. 
Informed decisions about optimum population levels of these species require a thorough knowledge of 
the ecology of these species.  At the moment decisions are often made in a knowledge vacuum. 
 Providing wildlife managers with an understanding of dietary resource use by Eastern Grey 
Kangaroos and Black Wallabies will help to address this problem.  Additionally, the knowledge gained 
can be used in a wider context to add to our understanding of competitive interaction between related 
species. 
 
1.3.  The Objectives of this Study 
 Dietary and habitat resource use by the Eastern Grey Kangaroo and the Black Wallaby in 
various communities at the Coranderrk Reserve, and at different times of the year were investigated by 
conducting field and laboratory based experiments. 
The specific objectives of this work can be summarised as follows: 
1. To investigate the habitat utilisation of Eastern Grey Kangaroos and Black Wallabies as they forage.  
It is possible that the two species interact evenly across a site or that they utilise various plant 
communities to a differing extent at different times of the year. 
2. To determine the extent of habitat resource sharing.  The interaction may be fixed or it may be 
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dynamic in its nature, with use demonstrating a variation over time and/or space.  An understanding 
of the characteristics of communities most greatly impacted upon by the two species acting together 
and separately would be valuable.  
3. To compile a floristic inventory of the communities occupied by the two macropodid species.  In 
order to describe selection of certain communities ahead of others, the floristic characteristics of 
these communities must be documented whilst the animals’ utilisation and diet is examined.  
4. To compile a confocal scanning laser microscopic herbarium of plant species found in these 
communities.  Dietary studies were performed by looking at evidence of plant food species in the 
faeces of the macropodids.  Identification of these fragments required a reference collection of 
images.  Since a confocal scanning laser microscope was used for this identification task, the 
reference collection must be appropriately assembled. 
5. To explore the diet of macropodids as they forage.  Dietary selection is a concept which is important 
in the management context because it reveals the choices made by the macropodids from the suite of 
plant species available.  These choices will have a temporal aspect because the availability of food 
species changes with time.  Food selection hierarchies were explored for both macropodid species at 
different times of the year and in different communities. 
6. To determine the extent of dietary overlap between the two species and the variation that may exist 
over time.  It was necessary to determine which species of plants were utilised by the two 
macropodid species in their diet.  On the basis of this knowledge decisions can be made about plant 
species which are specifically affected by only one species and those populations of plants which are 
affected by both species. 
 
1.4.  The Structure of the Thesis 
 Resource use as a theoretical concept is examined in Chapter 2 and the manner in which this 
knowledge has been applied to the management of macropodid populations is discussed. 
 The Coranderrk Reserve near Healesville, Victoria was chosen as the study site because it is a 
woodland “island” in a “sea” of cleared land that represents a valuable vegetation remnant with 
populations of both macropodid species. The macropodids currently present a clear management 
problem with reduced plant diversity in the Reserve.  A description of this study site is provided in 
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Chapter 3. 
 Macropodids in the Coranderrk Reserve have access to ten plant communities and sub-
communities (referred to as communities in this thesis) and cannot gain access to surrounding agricultural 
land.  The floristic structure and components of the vegetation in these communities are measured by 
assessing plant frequency, cover and biomass at three times of the year. These studies are reported in 
Chapter 4. 
 Chapter 5 describes spatial resource use of the various communities within the Coranderrk 
Reserve by the two species of macropodid.  This is achieved by measuring the distribution of faecal 
pellets in each of these communities in July, December and February.  The sharing of this resource is 
related to biomass of vegetation compartments. 
 The treatment of collected plant material from the Coranderrk Reserve and its establishment as a 
CSLM herbarium is the subject of Chapter 6. The staining, image enhancement, compilation and storage 
of images is described in this chapter. 
 The information gathered in Chapters 5 and 6 is then applied to a systematic microscopic 
examination of macropodid faeces to determine diet, and this is the subject of Chapter 7.  The dietary 
data are then correlated with the frequency of occurrence of dietary species in the field to develop 
estimates of diet selection. 
 The conclusions drawn from the thesis and implications of the work for the solution of problems 
associated with macropodid management are discussed in Chapter 8. 
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CHAPTER TWO 
 
RESOURCE USE BY EASTERN GREY KANGAROO AND BLACK WALLABY 
POPULATIONS 
Abstract 
 A literature review of important concepts concerning spatial and trophic resource use by Eastern 
Grey Kangaroos and Black Wallabies is presented.  The means by which these resources are shared and 
measured are considered and the relationship that exists between the two species is discussed.  The 
relative merits and problems associated with various methods for estimating habitat use and diet are 
considered. 
 
2.1.  Introduction 
 Managed bushland reserves containing populations of macropodids have usually been subjected 
to substantial changes since the arrival of Europeans in Australia.  Shifts in predator species populations, 
altered fire regimes and the provision of water are changes that significantly impinge upon macropodid 
populations. These recent impacts require a manipulative management regime for macropodid 
populations because they result in over-abundances and subsequent ecological deterioration. 
 Decreases in plant diversity, lost plant production in commercial timber plantations and other 
damaging impacts in reserves are often attributed, at least in part to over-grazing or browsing by 
macropodids (National Parks Service 1984; National Parks and Wildlife Division 1987; Coulson and 
Norbury 1988; Montague 1996).  The response has been to reduce the size of macropodid populations 
by culling, removal, sterilisation or contraception (McLeod 1998; Kay and Bradley 1998). 
 Management of kangaroo numbers usually becomes a critical issue when starvation pressures 
force a shift from the grazing of grass to the browsing of shrubs and tree seedlings or when their numbers 
reach levels where they are seen to be competing inordinately with farm stock for improved pasture 
(Barnes and Hill 1992; Hill et al. 1988; Coulson and Norbury 1988).  At the Tidbinbilla Nature Reserve 
in the Australian Capital Territory, a loss of ground cover was caused by Eastern Grey Kangaroos’ over-
grazing.  Culling was performed regularly to manage this situation (Neave and Tanton 1989).  Similarly, 
damage to plantation eucalypt and pine forests by browsing macropodids can be extensive (Waters 
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1985; Statham 1989; Clunie and Becker 1991; Montague 1996). 
 Manipulative management strategies designed to control macropodid populations are usually 
made with some scientific basis but are too often based upon incomplete understandings of the dynamics 
involved.  Walker (1998 p 1) says: 
 “Too much of wildlife management is today still more of an art than a  science” 
and 
 “They (wildlife managers) turn the practice of wildlife management into an art  form.  Which is 
all very fine, except that it is idiosyncratic, and cannot be  extrapolated, and it is almost impossible 
to capture in the form of a set of rules  that lead to repeatable results.  It is here that science can do 
better, building on  what is valid, making it repeatable, and doing away with wrong and damaging 
 myths.” 
The research documented in this thesis presents findings that may assist in achieving this objective.  
Scientific information about the habitat utilisation and diet of Eastern Grey Kangaroos and Black 
Wallabies will enable managers to make decisions about sustainable population levels and effects of 
over-population of these species on habitat features. 
 This review of the literature examines the basis for such decisions and the methodologies used to 
obtain this information for populations of Eastern Grey Kangaroos and Black Wallabies in managed 
woodland reserves. 
 
2.2.1.  Resource Use 
 MacNally’s (1995) definition of a resource is (page 21): 
 “ Any environmental component to which an organism can gain exclusive  access for some 
period of time, and that by its use increases the organism’s  fitness is a true resource”. 
In this thesis the major resources utilised by Eastern Grey Kangaroos and Black Wallabies that fit this 
definition are spatial and trophic: i.e. the utilisation of the study site’s communities and the forage 
consumed by the animals therein.  It is the utilisation of these resources that will be studied.   
 Gause’s (1934) competitive exclusion principle states that when interspecific competition occurs 
between species with the same ecological niche for the same resource, then one species will out-compete 
the other resulting in exclusion of one species (Kormondy 1969).  The observed sympatric existence of 
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two similar species may indicate that competition has occurred in the past and evolution has led to niche 
adjustment by one or both species.  It is also possible that competition occurs in the areas where niche 
overlaps. 
 For competition to occur the resource must be in limited supply and there must be niche overlap 
between the species in their need for the resource.  The realised niche occupied by each species will be a 
function of the degree of this overlap (Hutchinson 1957) and it has been suggested that even different age 
classes of the same species may occupy differing realised niches (Polis 1984). 
 Classic niche compression theory predicts that when two species occur together in narrow 
sympatry, individuals in the overlap zone will use a smaller range of habitats and food species than 
individuals in allopatry (Dickman 1986).  In the study site it is likely that the degree of resource use will 
vary significantly between individuals, over time and across space (Schoener et al. 1979).  Niche 
compression may therefore be seen in some circumstances and not in others.  A high degree of overlap 
does not necessarily mean that competition is occurring (Wiens 1977).  Such competition may occur only 
if resource availability is limited.  Huxel and Hastings (1998) note the frequent ability of inferior 
competitors to be able to colonise vacant habitat. This aspect allows for the continued co-existence of 
species that exhibit substantial competition in the face of limiting resources. 
 The guild concept has been used to describe the ecological and functional relationship between 
species exhibiting significant overlap of resource use (Root 1967) and this leads to an understanding of 
the responses of competitors to one another (MacNally 1983).  Significant changes in the size of a 
population (Hairston 1981), the ageing of populations (Smith 1981) and variations in the degree of 
competition that are temporally and spatially based (Dunham 1980) have been documented for a wide 
variety of species exhibiting overlap of resources. 
  
2.2.2. Competition Between Eastern Grey Kangaroos and Black Wallabies 
 Of the resources utilised by macropodids, food may generate significant competition.  In 
woodland reserves, Eastern Grey Kangaroos and Black Wallabies will utilise habitat for a number of 
purposes. A significant use is to obtain food (Dawson 1989).  To develop a model of the way in which 
these macropodids share these resources will assist in the long term management of the animals and their 
trophic resources (Grant et al. 1997).  Hence, an examination of resource use by the two species will 
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emphasise a population’s utilisation of habitat and the diet. 
 Eastern Grey Kangaroos and Black Wallabies are often thought to be sympatric or parapatric 
species because they do not exclude one another from common habitats, and it is therefore assumed that 
competition between them is minimal (Jarman and Phillips 1989).  This observation means that the two 
species are ecologically separated to some extent and this separation has been derived from competitive 
forces operating in the past.  The degree of this separation will not be static and will vary with the 
individual animals being studied, the time of the year and the vegetational characteristics of their home 
ranges (Wiens 1977; Evans and Jarman 1999).  They may achieve this separation by utilising different 
feeding habitats (Batchelor 1960; Child and Von Richter 1969), by feeding in different ways (Schwartz 
and Ellis 1981) or by both these strategies. Eastern Grey Kangaroos have a larger body size than Black 
Wallabies and this suggests that they might feed on lower quality, more abundant food (Jarman 1974) 
and they will utilise a disproportionably larger share of the available resources (Brown and Maurer 
1986). 
 Even though significant competition for spatial and trophic resources may occur between Eastern 
Grey Kangaroos and Black Wallabies, the effect on the population of each species is difficult to predict 
without information about their resource requirements and availability (Jones and Barmuta 1998).  In 
woodland environments the Black Wallaby and the Eastern Grey Kangaroo coexist and there is evidence 
to suggest that they occupy different niches  (Jarman and Phillips 1989; Troy and Coulson 1993). 
 Responses to competition by Eastern Grey Kangaroos and Black Wallabies could include 
decreased or increased population sizes, changes in fecundity, variations in age structures and  alterations 
in population health and fitness (Petren and Case 1996).  The reproductive potential of the Black 
Wallaby in the Coranderrk Reserve was demonstrated by substantial increases in population density 
immediately following the elimination of predators and the implementation of a fertility control program on 
Eastern Grey Kangaroos.  It is possible that a decrease in the population size of Eastern Grey Kangaroos 
allows for the colonisation of habitat by Black Wallabies as described by Huxel and Hastings (1998). 
  
2.3.  Utilisation of Habitat by Macropodid Populations  
2.3.1.  Hierarchy of Resource Utilisation 
 Resource utilisation by macropodids extends over three spatial hierarchies, each of which 
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subsequently describes in greater detail the requirements of the individual in terms of the space that it 
occupies (Johnson 1980).  Higher order processes are conditional upon the lower order processes. 
 
2.3.1.1. First Order Distribution of Eastern Grey Kangaroos and Black Wallabies 
 The first level of this hierarchical structure concerns overall distribution and is so extensive that it 
can be mapped using satellite imagery (Hill and Falconer 1978). The data indicate that the Eastern Grey 
Kangaroo’s first order selection is limited to the east of Australia. It extends over Queensland, New 
South Wales, Victoria and Tasmania (Caughley et al. 1987b) and specialises in exploiting a temperate 
climate areas east and south of the great dividing range (Caughley et al. 1987a), although it is also found 
west of this range, extending into the south-east of South Australia.  Areas of substantial and regular 
rainfall (> 250mm per annum) are usually selected (Poole 1982). Areas are often used where there is 
little seasonal rainfall trend or where summer rainfall exceeds winter rainfall (Caughley et al. 1987).  
Upper rainfall limits exhibited in south west Tasmania and the Northern Territory exclude the Eastern 
Grey Kangaroo.  Eastern Grey Kangaroos have wide ecological tolerances (Hill 1981b).  Since 
European settlement, the range has extended into lower rainfall areas where Eastern Grey Kangaroos 
have moved inland along ephemeral creeks in response to the extended provision of drinking water for 
sheep and cattle (Caughley et al. 1977; Short and Grigg 1982; Jarman and Taylor 1983; Dawson 
1998). 
 Aerial surveys measure this geographical distribution of kangaroos (Hill 1981b; Short et al.  
1983; Caughley et al.  1987b) and although they are difficult to implement in areas of dense cover (Hill 
1981a) they can nevertheless provide good data regarding first order selections (Cairns and Grigg 1993).  
Ground census methods can also be emplo yed to assess this utilisation level and when compared to aerial 
surveys show positive correlations (Bailey 1971).  The use of vehicles in open areas is popular for 
ground based counts (Coulson 1990b). 
 The distribution of the Black Wallaby extends from the northern tip of the Cape York Peninsula 
to western Victoria (Merchant 1988; Cronin 1991).  It is capable of utilising a variety of environments 
but demonstrates a need for dense understorey cover (Harrington 1976; Waters 1985; Hollis et al. 
1986; Troy et al. 1992).  Methods of Black Wallaby first order counting are restricted to ground 
surveys because of the secretive nature of these animals and will in most circumstances be under-
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estimates because of the inability of any method to accurately locate and count every individual at this first 
order distribution level. 
 
2.3.1.2. Second Order Distribution of Eastern Grey Kangaroos and Black Wallabies 
 Home range is the second level of the spatial resource utilisation hierarchy and it must provide all 
of the macropodid’s requirements, including forage, resting and shelter sites (Johnson 1980). 
 Although the Eastern Grey Kangaroo is widespread and capable of surviving in a variety of 
environments, its home range is relatively small with migration being an unusual component of the 
kangaroo’s lifestyle.  Fidelity to this home range is a feature of the Eastern Grey Kangaroo’s behaviour 
and the animal is consequently often described as sedentary (Priddel 1987). 
 The Eastern Grey Kangaroo utilises a variety of habitats over the seasons and its movements 
encompass an area of 20 - 820 ha, depending on the primary productivity and the agricultural 
improvements of the ecosystem  (Jarman and Taylor 1983; Jaremovic and Croft 1987).  Spatial overlap 
between individuals is therefore the usual condition.  In south-eastern New South Wales female Eastern 
Grey Kangaroos were shown to range over 20 - 23 ha (Jaremovic and Croft 1987).  A female of the 
same species had a home range of 820 ha in the New England tablelands of New South Wales (Jarman 
and Taylor 1983).  In reviewing the literature, Norbury et al. (1989) conclude that the mean home range 
of the Eastern Grey Kangaroo is 317.0 ha and that of the Black Wallaby, 5.9 ha.  Cronin (1991) gives 6 
ha as the home range for Black Wallabies and up to 2 km2 for Eastern Grey Kangaroos. The greater the 
habitat’s heterogeneity the more it seems capable of supporting populations of Eastern Grey Kangaroos 
(Short et al.  1983; Coulson 1993b).     
 The provision of agriculturally improved pasture adjacent to sheltered bush sites is important for 
Eastern Grey Kangaroos (Hill 1981a; Short and Grigg 1982) and has been recognised as the habitat 
most commonly selected.  At this second order of selection the importance of forage and shelter 
becomes apparent (Caughley 1964; Hill 1981a; Coulson 1993b). 
 Hill (1981a) described the requirements for optimum Eastern Grey Kangaroo habitat in the 
following terms:  
· forage (high grass cover). 
· shelter (high lateral cover). 
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Taylor (1985) found that Eastern Grey Kangaroos used shrubs in forests during resting periods and open 
areas in woodlands during feeding periods on the New England tablelands of New South Wales.  
Habitats are usually described in terms of plant and community associations that may be utilised by the 
macropodid as it moves across its home range.  Habitat descriptions such as these also reveal the degree 
of provision of forage and cover.  These vegetation-based ecological parameters are important in the 
Eastern Grey Kangaroos’ second order selection process (Hill 1981a; Short and Grigg 1982). 
 The provision of forage and to a lesser extent, shelter, will be dependent upon the season and 
other environmental factors.  Second order decisions about resource utilisation will vary according to the 
time of day and year being considered (Hill 1982; Clarke et al. 1989).  Arnold and Steven (1988) 
report that foraging behaviour of Western Grey Kangaroos (M. fuliginosus) is such that a large 
proportion of the home range is visited every day.  Whether or not this applies to the Eastern Grey 
Kangaroo in the study site has not been established. 
 Black Wallabies are known to frequent dense vegetation (Edwards and Ealey 1975).  Troy and 
Coulson (1993) using radio-tracking techniques at the Coranderrk Reserve found that Black Wallabies 
had small, overlapping home ranges of variable shape with an estimated maximum size of 16 ha. This 
compartment of the Coranderrk Reserve may also be in demand from Eastern Grey Kangaroos during 
their resting periods.  Hence the two species have commonly been found to demonstrate spatial overlap 
(Kaufman 1974). 
 The comparative sizes of the home range exhibited by the Eastern Grey Kangaroo and Black 
Wallaby in the Coranderrk Reserve will at least, in part, be determined by the availability of forage and 
other resource requirements.  Species-specific behaviour, reproductive requirements and forage 
preferences will also contribute to determining the home ranges. Some smaller macropodids (Kaufman 
1974; Inns 1980) have been shown to have larger home ranges than the Eastern Grey Kangaroo, but it is 
likely that at the Coranderrk Reserve the Eastern Grey Kangaroo will range over a larger area than the 
Black Wallaby and that home ranges will be body size dependent. 
 Sexual dimorphism of Eastern Grey Kangaroos (Poole 1982) may be responsible for the 
occasional observed variation between males and females in second order selections where males tend to 
exhibit larger home ranges (Clarke et al. 1989; Jaremovic and Croft 1991) and spend a longer period of 
time foraging (Clarke et al.  1989).  Such differences appear to be dependent on the study site and the 
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population (Jaremovic and Croft 1987) and may be explained on the basis of the larger size of the male 
that requires the establishment of a more extensive range because of higher metabolic needs and a 
different sexual behaviour (Clancy and Croft 1990).  An empirical relationship between home range and 
body weight has been established (Harestad and Bunnell 1979; Linstedt et al. 1986).  This suggests that 
the larger home range of the male Eastern Grey Kangaroo can be explained on the basis of the 
differences in weight alone without the need to invoke sex-based behavioural phenomena. 
 Dominant male Eastern Grey Kangaroos will travel extensively during breeding to maintain 
contact with as many females as possible to determine reproductive receptivity (Clarke et al.  1989).  
This may explain the observed seasonal differences in home range size associated with male Eastern Grey 
Kangaroos (Jaremovic and Croft 1987) and the appearance of males as singletons (Coulson 1993a).  
Female kangaroos with young at foot appear to survive in a restricted home range, presumably because 
of the limitations on movement exerted by their less mobile offspring (Jaremovic and Croft 1987). These 
young kangaroos gradually extend themselves over a wider area as they age (Baker and Croft 1993). 
 The provision of cover is the other major contributor to habitat choice (Caughley 1964; Frith and 
Calaby 1969; Fox 1974; Hill 1981a).  Habitats such as heterogeneous woodland reserves provide both 
forage and cover.  In improved pastoral zones this integrity has been disrupted by the fragmentation of 
habitat into pasture and woodland.  This has extended the range of the Eastern Grey Kangaroo (Short 
and Grigg, 1982).  Contiguous woodland is relatively unproductive for Eastern Grey Kangaroo forage 
(Williams 1968; Halls 1970; Beale 1973) but is more supportive of Black Wallaby fodder. These 
habitats would support populations of Eastern Grey Kangaroos of lower density than those altered 
ecosystems that are enhanced by the provision of water and improved pasture.  The sudden appearance 
of grazing kangaroos scattered throughout woodland after drought-breaking rain is well established 
(Coulson et al. 1990).  It illustrates the ability of Eastern Grey Kangaroos to utilise selected forage in 
woodland if it is present. 
 A study by Coulson (1990b) of the habitat separation in sympatric species of macropodids, 
concluded that in the Grampians National Park, Eastern Grey Kangaroos selected a habitat of E. 
camaldulensis open woodland with an understorey of grass, bracken and shrubs when faced with an 
open grassland as an alternative.  Caughley (1964) reports that as the concealment factor of vegetation 
increases, the density of kangaroos also increases.  Eventually the need for forage limits this trend and 
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densities begin to decrease in woodlands (Williams 1968; Halls 1970; Beale 1973). 
 The reliance upon shelter by both species may be a predator avoidance strategy from Dingoes 
(Canis familiaris dingo), Thylacines (Thylacine cynocephalus) and indigenous human hunters 
(Caughley 1964).  Coulson (1999) comments that predator avoidance behaviours can result in hetero-
specific groupings of macropodids.  These avoidance behaviours are still valuable today considering the 
displacement of these traditional predators by feral Dogs (Canis familiaris familiaris) and Red Foxes 
(Vulpes vulpes). 
 However, the quality of forage is probably the most important determinant of resource utilisation 
within the selection hierarchy.  Eastern Grey Kangaroos will exploit available graze that may appear in 
wooded areas after rain but will extend their movements to larger cleared areas as forage availability and 
quality decreases (Taylor 1980; Hill 1982). 
 For Black Wallabies there appears to be conflicting information regarding home range size 
differences between the sexes. In the Coranderrk Reserve, Troy and Coulson (1993) could not detect 
any differences whereas Edwards and Ealey (1975) determined that males established larger home 
ranges than females.  An examination of road-killed Black Wallabies indicated a significant bias towards 
males (Coulson 1997) and this suggests that males may establish a larger home range, presumably 
because they will, at first, occupy the maternal home range, but then disperse in order to establish in new 
areas.  Robertshaw and Harden (1986) support this proposition.  The Black Wallaby is usually observed 
as a singleton although loose feeding associations between individuals may occur (Jarman and Coulson 
1989). 
 Measurements of second order choices by macropodids have been based on data gained by 
radio tracking (Priddel 1986; Troy and Coulson 1993; Troy et al. 1993), the sighting of collared 
individuals (Jaremovic and Croft 1987) or the live recapture of individuals (Kincaid and Cameron 1985).  
These methods rely on significant numbers of positional fixes being made and the subsequent 
manipulation of data using methods such as ellipse and Fourier transform models to estimate home range 
(Jaremovic and Croft 1987).  Other methods that have been used for other species are indirect (see 
Sanderson 1966) and include the use of: natural signs, capture, marking and release methods, radioactive 
materials, dyes for urine and faeces and photographic devices. 
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2.3.1.3. Third Order Distribution of Eastern Grey Kangaroos and Black Wallabies 
 Johnson’s (1980) third order of selection describes the use of habitat components within the 
home range.  Most managed woodland reserves consist of several communities contributing to a 
heterogeneous vegetation structure. It cannot be assumed that each of these communities is equally 
available to macropodids.  Habitat selection studies will reveal those communities used by the animals 
under the conditions prevailing at the time.  To conclude that these are the communities preferred by the 
animals would be unsound.  Although there may be no physical barriers to the macropodid which are 
apparent to the researcher, it may be that certain communities are selected by animals for reasons that 
have nothing intrinsically to do with the nature of the resources therein, but because of other factors that 
operate upon the animal’s decision-making process.  For example, the presence of scent-markings may 
limit the intrusion of one individual animal into the territory of another.   
 The role of competition between Eastern Grey Kangaroos and Black Wallabies for habitat and 
how it operates to impact on their habitat selection strategies is difficult to model.  Svardsen (1949) states 
that intraspecific population pressure will tend to broaden habitat use and interspecific competition to limit 
it.  In the study site, increasing populations of Black Wallabies will increase intraspecific competition for 
that species and interspecific competition for both.  This has been shown to be true for some species 
(Cody 1985) when they are selecting habitat, and may be relevant when management strategies that 
reduce macropodid populations are devised.  
 Third order selections by macropodid s amongst heterogeneous habitats may result in quite 
diverse choices with a mosaic of selections being possible.  This will result in daily and seasonal variations 
in those compartments of the home range that will be utilised (Hill 1982; Clarke et al. 1989). 
 For Eastern Grey Kangaroos, daily routines follow a pattern of dawn feeding when movement to 
open areas occurs.  Daylight hours account for most of the resting and sleeping and this occurs amidst 
shelter and denser vegetation (Clarke et al.  1989).  Feeding resumes between mid-afternoon and dusk 
and may continue throughout the night for up to 17 hours (Southwell 1987a).  Eastern Grey Kangaroos 
exhibit seasonal variations at this level of resource utilisation, with less time being devoted to grazing in the 
summer months and more time being spent resting in sheltered positions (Southwell 1987a).  Similar 
information regarding the Black Wallaby is not available.  However, considering thermoregulatory needs 
and the improvement in nitrogen content of forage in spring and summer, it is likely that a similar seasonal 
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variation exists for this species. 
 Many studies (Griffiths and Barker 1966; Jarman 1984; Sanson 1978; Norbury and Sanson 
1992) have demonstrated both structurally and ecologically that the Eastern Grey Kangaroo is a grazing 
animal with appropriate dentition, digestive anatomy and physiology (Hume 1982).  Investigations have 
verified that the amount of foraging undertaken in a habitat is positively correlated with the abundance of 
the most selected food category, high protein grass leaf (Taylor 1984). 
 Black Wallabies are mainly browsers, but will include a range of forage in their diets including 
grass (Waters 1985; Norbury et al. 1989).  On South Stradbroke Island in Queensland, Ramsey and 
Engeman (1994) report that Black Wallabies have been implicated in the destabilisation of dune systems 
because of their grazing of Hairy Spinifex (Spinifex sericeus).  Grasses with a high nitrogen content were 
found to constitute a major portion of the Black Wallaby’s diet in North Stradbroke Island, Queensland 
(Osawa 1990) and they have been implicated as serious pests in forest plantations because of their 
destructive foraging of seedlings and bark (Clunie and Becker 1991; Montague 1996).  Dietary studies 
and dentition (Sanson 1980) indicate that the Black Wallaby is capable of utilising a diverse array of food 
species that includes shrubs, herbs, woody perennials, ferns, tree seedlings,  saplings and fungi (Edwards 
and Ealey 1975; Waters 1985; Hollis et al. 1986).  They will feed throughout the day and night but tend 
to move into more open areas during the night  (Edwards and Ealey 1975). 
 One can conclude that it is likely that Eastern Grey Kangaroos and Black Wallabies will interact 
in most parts of the Coranderrk Reserve.  Eastern Grey Kangaroos will seek cover for their shelter 
needs and Black Wallabies will seek out browse amongst the grassy stratum in the open areas commonly 
used by kangaroos during their feeding periods (Taylor 1985; Troy and Coulson 1993). 
 Two approaches have been taken in the measurement of third order habitat use by Eastern Grey 
Kangaroos.   One has used direct observation of animals to derive indices or estimates of population 
density.  The other uses signs such as faecal pellets as indicators of the presence of animals.  Short and 
Grigg (1982), Hill (1982), Taylor (1984, 1985), Southwell and Jarman (1987) and Coulson (1990b) 
compared population densities in different habitats that had been classified a priori.  Southwell (1987a) 
sought a posteriori associations between population density and a range of physiographic and vegetative 
parameters. 
 A weakness of the studies using direct observations of macropodids is that, with the exception of 
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Coulson's (1990b) study, populations were not surveyed over a 24 hour period.  In fact, some studies 
rely upon incidental observations (e.g. Kaufman 1974).  Since Eastern Grey Kangaroos predominantly 
feed at night and rest during the day (Southwell 1987; Clarke et al. 1989) and Black Wallabies show a 
predictable diurnal variation in their utilisation of home range (Edwards and Ealey 1975), a restricted 
sampling procedure may introduce a significant source of bias to the detected patterns of habitat use.  
Beyer and Haufler (1994) surveyed sampling designs in 56 studies of habitat use by a variety of 
vertebrates and concluded that 22 sampled only during daylight hours and a further 12 did not give 
sufficient information to determine when sampling had occurred.  Since driven or walked transects are 
not usually conducted over a 24 hour period they will give biased estimates of resource use, especially 
when the results are compared with availability (Thomas and Taylor 1990).   
 It is possible to use radio tracking to measure third order selections and this method, along with 
direct observations along transect lines or drive counts have been commonly used (Arnold and Steven 
1988; Coulson 1990b; Southwell and Weaver 1993).  Tracking experiments using radio collars, offering 
the potential to perform 24 hour studies, are usually conducted over limited periods (Beyer and Haufler 
1994) and are not usually exploited to their full potential. 
  
2.3.2.  Indirect Indicators of Habitat Utilisation 
 When it is not possible or desirable to directly observe animals or track them using radio collars, 
indirect methods of estimating third order habitat utilisation may be used (Triggs 1984 and 1996).  These 
include: 
· The examination of tracks. 
· An assessment of the animal’s impact on the vegetation (bite or rub marks). 
· The existence of nests, resting places. 
· Evidence of animal behaviours (wallowing sites, evidence of aggressive behaviour, predation 
remnants). 
· Faecal pellet distribution and abundance. 
  
2.3.2.1.  Faecal Pellet Density Measurements 
 Sampling faecal pellets offers a method that overcomes some of the logistical problems 
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previously discussed (Neff 1968; Putman 1984; Leopold et al. 1984).  This approach uses counts of 
faecal pellets to obtain indices of population density, that have then been related to the availability of 
habitat by a posteriori (Hill 1981a) or a priori (Caughley 1964; Hill 1982; Taylor 1982) analyses.  The 
method has been found to be particularly useful when rare, nocturnal or shy animals are assessed (Ellis et 
al. 1998; Evans and Jarman 1999).  This method does not require the observer to interact or interfere 
with the animals, has very little impact on the environment and can be conducted at convenient times. 
  
2.3.2.2.  Faecal Pellets as Indicators of Habitat Use 
 This thesis examines resource use by Eastern Grey Kangaroos and Black Wallabies and 
therefore studies habitat utilisation and feeding activities.  For both species these activities will be 
associated with lateral cover and the availability of food reserves.  The distribution of faecal pellets can 
be used as an indicator of feeding patterns in different habitats and their density can then be related to the 
vegetation structure that is present.  
 Faecal pellet density has been commonly used to distinguish feeding habitats by many authors for 
both species of macropodids researched in this study (Hill 1978; Lunney and O’Connell 1988; Floyd 
1980; Taylor 1985; Ramsey and Engeman 1994).   
  
2.3.2.3.  Assumptions, Uncertainties and Weaknesses of Faecal Pellet Density Estimations  
 The problems associated with this technique are well known (Taylor and Williams 1956; Riney 
1957; Robinette et al. 1958; Wallmo et al. 1962; Van Etten and Bennett 1965). 
 The presence of faeces may be considered to be representative of habitat utilisation if animals 
defaecate randomly and indiscriminately with respect to space and time.   Macropodids defaecate whilst 
feeding and do not produce significant faecal matter whilst resting (Hill 1978; Johnson et al. 1987).  
Black Wallaby faecal pellets are most concentrated at their feeding sites (Ramsey and Engeman 1994).  
Eastern Grey Kangaroos do defaecate throughout the day (24 h), even though the peristalsis induced 
defaecation associated with feeding, results in significantly higher concentrations of faecal pellets at 
feeding sites (Johnson et al. 1987). 
 The variation in defaecation rates that occurs over a 24 hour period is an aspect of macropodid 
biology that has not been completely established (Southwell 1989b).  Hill (1981a, p. 247) concluded that 
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for Eastern Grey Kangaroos: 
 “pellet distributions give a reliable guide to preferred feeding zones of the  (Eastern) Grey 
Kangaroo.”    
Johnson et al.  (1987) also found that the rate of defaecation for Eastern Grey Kangaroos was not 
constant over time, being lowest during the mid-day resting period and highest after the resumption of 
feeding activity.  Accumulations of faecal pellets are thus likely to be an imperfect measure of time spent 
in different habitats and will over estimate utilisation of feeding habitats. 
 The ability to accurately assign pellets to their species of origin is vital.  If two or more species 
produce indistinguishable faecal pellets and co-exist in the same study area then it may be impossible to 
derive meaningful information from faecal pellet density counts. 
 Pellets are subject to decay, the rate of which will vary depending on deposition location, 
decomposer activity, the abundance of dung-ingesting invertebrates and the prevailing meteorological 
conditions (Hone and Martin 1998).  These problems can be overcome if faecal pellets in the study sites 
are collected prior to such environmental effects occurring and by removing old faecal pellets from the 
sites prior to a known deposition period. 
 
2.3.2.4.  Improvements to the Methodology 
 For macropodids, the scat density can be standardised against numbers of animals for that time 
and place.  It is then possible to extend the technique as a useful census method.  This has been done for 
Western Grey Kangaroos (Arnold and Maller 1986).  Census results such as these should be considered 
carefully because they do not allow for variation in defaecation rates that will be dependent on the nature 
and abundance of the vegetation present.  Translating faecal pellet densities into numbers of animals 
requires a prior standardisation exercise with a known number of animals at that time and in that place. 
 The potential of using biomarkers as macropodid scat markers would significantly improve the 
identification of scats but satisfactory substances have not yet been developed (Fisher and Marks 1997).  
This technique would have limited value in wild populations because it requires that animals ingest the 
biomarker with their feed. 
  
2.4.  Diet Selection by Eastern Grey Kangaroos and Black Wallabies 
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2.4.1.  The Role of Diet 
 Trophic niches occupied by Eastern Grey Kangaroos and Black Wallabies in managed 
woodland reserves have an important bearing on the management of these species.  The decrease in 
plant species diversity that often accompanies increases in macropodid populations is usually attributed to 
their herbivory (Coulson 1990a).  In the present study site, macropodids have been held responsible for 
opening up and maintaining grassy swards, the proliferation of exotic species and the lack of tree and 
shrub recruitment (McMahon and Carr 1991).  An analysis of the relationships between the 
macropodids of the Coranderrk Reserve and its vegetation requires an understanding of the plant species 
eaten and selected.  This information will assist in making informed judgments about sustainable 
macropodid populations and strategies that might be employed to protect plant species, alliances and 
communities from over-exploitation by macropodids.  A study of food resource use by Eastern Grey 
Kangaroos and Black Wallabies is therefore important in that it will form a scientific base for 
management decisions. 
 Problems, associated with understanding the foraging behaviour of large herbivores, including 
ruminant ungulates and non-ruminant marsupials (Pyke 1978 1984; Schoener 1971; Westoby et al. 
1974), can be reduced by enlisting elements of foraging theory, landscape ecology and hierarchy theory 
(Senft et al. 1987).  This approach concentrates on behavioural processes and patterns and considers 
food resources for large herbivores in terms of micropatches, plant communities, landscapes and regional 
systems.  Johnson’s (1980) hierarchy of resource utilisation is more useful in small biological islands 
where direct measures of diet are possible.    
 
2.4.2.  Direct Methods of Determining Diet 
 Some animals can be observed during feeding and this constitutes the most direct method of 
determining diets.  Such direct observation can be used to determine prey species of some large 
carnivorous mammals.  This system can be used for herbivores when the array of species of plants 
available for ingestion and selection is limited and the animals feed during daylight hours and within view.  
Browsing animals can be seen by a keen observer to utilise some food species as they reach for the 
leaves of forbs and shrubs in a deliberate and identifiable fashion (Edwards and Ealey 1975).  
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 The reluctance of macropodids to allow direct and close observation can be overcome to some 
extent by releasing tame animals into the wild (e.g. Watts 1964).  This technique has limitations because 
these animals will not have had the habituation and dietary preference experiences of their wild 
counterparts (Puglisi et al. 1978).  In any event, under such circumstances the researcher requires the 
ability to decisively classify the dietary selections, from a distance.   
 Alternatively, it is possible to examine the leaves and stems of those plants that have been 
browsed or grazed and by careful observation of teeth and muzzle marks left behind on the plant, to 
make conclusions about diets (browse or graze surveys; see Nudds 1980).  Wetzel et al.  (1975) point 
to the importance of the ability of the observer to attribute leaf or twig damage to a particular herbivore 
species. A comparison of the damage counts with the frequency of occurrence of plant species allows a 
measure of dietary selection to be generated (Clunie and Becker 1991). 
 Dietary preferences can be established by presenting captive animals with a known array of food 
choices and then making estimates of the amounts of each type or species that is chosen in the diet 
(Norbury 1987).  The ratio of the mass of each species consumed and offered can be monitored 
precisely.  However, experimental diets will not be accurate representations of those consumed by the 
animal in heterogeneous habitats and will reveal limited preferences.  Those environmental factors, such 
as vegetation cover, aspect, competition, climate and availability that operate on preference in the field, 
will also be absent. 
 Exclosures have been used in the systematic study of herbivore diets.  Exclosure studies depend 
on the principle that measured differences in the abundance of plants within and outside the enclosure will 
be directly related to the diet of the excluded animals (Chippendale 1968; Mitchell 1975). The practical 
requirement of constructing exclosures that only exclude the species under study whilst allowing for free 
access by other species makes this a difficult proposition in many circumstances.  Similarly, but in the 
absence of an exclosure, it is possible to measure the vegetation before and after herbivore activity has 
occurred (Short 1986).  Both exclusion and utilisation techniques require a before and after investigation 
and are temporally and spatially limited. 
 
     24 
2.4.3.  Ingesta  Examinations 
 Beyond direct observational procedures on the animal or on the habitat, most methods of 
determining animal diets require some form of invasive technique to obtain ingesta.  This is where the diet 
of the animal is inferred by examining evidence of the presence of particular food species after it has been 
taken by the animal.  The method requires invasive techniques to obtain mouth, stomach, rumen or 
intestine contents or non-invasive techniques to obtain faecal pellets.  
 Ingesta may be opportunistically obtained by utilising animals that have been shot or road killed 
(Osawa 1990; Waters 1985; Chippendale 1968; Taylor 1983; Mellick et al. 1999).  Temporarily 
stunned animals could also be used (Robertson and Gepp 1982).  The use of capture techniques such as 
traps or tranquillising darts to subdue animals whilst they are examined can be excessively invasive if it 
has to be performed at regular intervals on small populations, with a resultant repetition on the same 
individual animals. 
 
2.4.3.1. Mouth or Stomach Contents 
 Once an animal has been acquired, mouth and/or stomach contents can be examined 
(Kirkpatrick 1965; Bailey et al. 1971).  If mouth contents are examined, the effects of mastication, 
bacterial action and digestive enzymes are minimised and it represents the most accurate means of 
assessing a herbivore’s diet at any one time and place.  Diet selection revealed by such work is limited to 
the immediate forage consumed over the short time period represented by the food present in the mouth. 
 Stomach content analysis presents difficulties because the food is rendered into fragments that 
can no longer be recognised macroscopically and because the relative rate of passage of the various food 
species will be unknown (Norbury 1987). It is particle size that determines the rate of passage of 
fragments from the rumen (Blaxter et al. 1956; Hume 1982).  Hence, delicate plants that are easily 
fragmented by the mastication process (Hungate 1966) will spend less time in the stomach and be under-
represented in stomach content analyses. 
 Stomach content analysis may incur substantial errors because single samples will not reflect the 
possibility that animals may graze or browse upon different species at different times of the day.  Garre et 
al. (1977) advise that these errors can be minimised by the frequent collection of samples.  Such a 
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recommendation is inherently difficult to implement in populations of animals that are small and cannot be 
sacrificed or frequently sedated. 
 
2.4.3.2. Fistula Derived Diet Sampling  
 Captive animals can be surgically treated to provide a permanent oesophageal or stomach 
fistulation so that samples of food can be removed from the animal after ingestion but before it has been 
substantially altered by digestive processes.  This technique is valuable for validation of more extensive 
field based studies.  For domestic animals, the fistula is used to estimate diet selection after presenting a 
variety of prepared, usually pelletised foods (Slater and Jones 1971).  The problems of recapturing the 
fistulated animal in large wild populations are apparent and the effect of the presence of the fistula on diet 
is very difficult to control.  
 
2.4.3.3.  Faecal Pellet Analysis 
 The least invasive method of examining animal ingesta is to study the contents of the faeces and 
this technique has been recognised for many years as a valuable method being suitable for a range of 
species (Crocker 1959; Storr 1961; Korfhage 1974; Anthony and Smith 1974; van Rees 1984; Corbett 
1989) and in a variety of situations (De Munk 1993, 1994).  The method relies on being able to identify 
the remaining fragments of food species which have survived the digestive tract into the faeces.  Storr 
(1960) emphasises the importance of cutin providing protection for the epidermis of tough native plants 
as they pass through the intestine of macropodids.   This enables epidermal fragments to be recognised in 
the faeces. 
 Ideally, this technique is applied where data is required that covers a broad spatial and temporal 
range of the diet (Norbury and Sanson 1992), or in special circumstances (Jarman et al. 1991).  Faecal 
pellet analysis is non-invasive and suited to heterogeneous environments. 
 In practical terms, the method requires an assessment of the frequency of occurrence of food 
species and this is usually conducted using microhistological point quadrat analysis (MPQA).  Fragments 
of plant species in the faeces are identified and counted using microscopy. 
 
2.4.3.4. A Comparison of  Indirect Methods 
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 McInnes et al. (1983) have compared the value of assessing diets using oesophageal fistulation, 
stomach content analysis, faecal analysis and forage utilisation in sheep. They concluded that stomach and 
faecal analysis produced results that were biased in favour of grasses and against forbs, presumably 
because of the greater survivability of harder species into the faeces. 
 In a study of the diet of the Rufous Hare Wallaby (Lagorchestes hirsutus), Pearson (1983, 
1989) obtained similar results when he compared stomach and faecal pellet analyses.  This small wallaby 
feeds on sedges and grasses (Bolton and Latz 1978), both tough and presumably equally digestible 
dietary items.  In this case then, faecal examination is an acceptable estimation of stomach contents and 
diet. 
 Jarman et al. (1991) encountered the problem of determining the diet of a shy, uncommon and 
nocturnally active species (Black-striped Wallaby, Macropus dorsalis) and concluded that faecal 
analysis was the best method of solving the problem so long as the limitations of the method were 
recognised. 
 In faecal analysis the differential survival of plant species through the digestive system may make 
it less representative of dietary components than stomach content analysis (Stewart 1967; Dunnet et al. 
1973; Norbury 1988a; Norbury and Sanson 1992). 
 In the case of stomach or oesophageal fistula contents estimates of fragment frequency can be 
made using a magnifying glass or dissecting microscope (Harker et al. 1964; Heady and Van Dyne 
1965; Gwynne and Bell 1968; Newsome 1980; Taylor 1983).  These methods appear to be particularly 
successful for stomach content analysis where fragments are large enough to be seen and identified under 
the low power of a dissecting microscope (Chamrad and Box 1964; Gwynne and Bell 1968; 
Chippendale 1968). 
 Dawson and Ellis (1979) concluded that, although stomach contents were more reliable, faecal 
pellet analysis was a good measure of the relative intakes when comparing different animals and that it 
allowed for similar comparisons to be made between animals across the seasons. 
 
2.4.4. The Limitations of Faecal Examinations  
 The assumption that an examination of gut or faecal contents will represent the components of the 
animal’s diet as well as the proportions of these components depends on two important factors. 
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2.4.4.1. Identification 
 The researcher must be able to recognise fragments from plants (epidermal characters) or 
animals (bone, scales, feathers and hair) (Brunner and Coman 1974; Lunney et al. 1990) in the faeces.  
For some species this will be relatively easy (Triggs 1996) and for others more difficult (Bennett and 
Baxter 1989).  For grazing macropodids, some workers classify monocotyledonous epidermal fragments 
into broad classification categories (Beetham et al. 1987) whilst others use more specific levels such as 
grasses, sedges, forbs, parallel veined shrubs, reticulate veined shrubs and ferns (Stewart 1967; Taylor 
1983; Jarman and Phillips 1989; Short 1989).   Ellis et al. (1977) working  in the arid zone of western 
New South Wales, made conclusions about the relative diet selection of Red Kangaroos (M. rufus), 
Euros (M. robustus) and Sheep.  They used a similar classification hierarchy as Short (1989) when they 
classified food plants as grasses, flat leaved chenopods, round leaved chenopods, non chenopod shrubs, 
browse and forbs.  The disadvantage of this procedure is obvious: 
  “We are unable to say as much about the extent of overlap in diets as would  have been 
possible if all plants had been identified to species” (Ellis et al. 1977,  p 142). 
 Adjustments for the differential success of identification for different plant species can be made 
by manipulating the microhistological frequencies observed by a factor that is derived from an 
examination of a reference slide for the proportion of unidentifiable fragments that it contains (Norbury 
1988b).  If, for example, only 1% of the fragments of a particular species can be identified as revealed by 
analysis of the reference slide, then it is reasonable to assume that for every one of these fragments found 
in the faeces, there must be another 99 that were not able to be identified.  Such a correction factor is 
therefore very important when there are large differences in identifiability.  Correlation of 100% between 
percentage dry weight in the diet and corrected point frequencies can be achieved in laboratory 
controlled conditions if such calculations are performed (Norbury 1988b). 
 Correction factors for non-identifiability are important when the proportion of unidentified plant 
fragments in the faeces is high. When the food species can be deduced from laboratory-based 
experiments because the food provided to the animal is controlled by the experimenter, then accurate 
correction factors can be derived (Norbury 1987).  The factors will convert point frequencies to more 
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accurate estimates of actual dietary components.  In the field and in heterogeneous habitats this ideal 
situation is very difficult to achieve.  
 
2.4.4.2. Differential Digestibility 
 For macropodids, dietary items vary in their digestibility (Norbury 1987, 1988b).  The epidermis 
of tough, fibrous plants will be more resistant to the action of microbial and enzymatic digestion and 
appear over-represented in the faeces compared with succulent plants of a delicate nature.  Slater and 
Jones (1971) report that in Sheep a diet consisting of 20% Trifolium repens  (a delicate species) 
revealed a complete absence of this species in the faeces.  Similarly, in Cattle, a diet consisting of 27 - 
38% of Setaria sphacelata produced faeces with only 1 - 4% of this plant as recognisable epidermal 
fragments.  
 To add to the complexity, Jarman et al. (1991) comment that digestibility of an individual species 
will probably vary with the mixture of species being ingested. Blaxter et al. (1956) determined that the 
major factor governing the rate of movement of epidermal fragments from the rumen is particle size rather 
than digestibility. Hence it may be that the more tender plants are under-represented in the faeces, not 
because they are more easily digested, but because they are masticated into smaller fragment sizes. 
 Gaare et al. (1977) have drawn attention to the concept of “turnover time” of stomach contents 
and its effect on the relative abundance of fragments in the faeces compared to that of the plants digested.  
It may be necessary to obtain data on factors that regulate retention time, especially for wild animals 
where the diet is heterogeneous (Hume 1982). 
 The problem of differential digestibility is therefore important when heterogeneous diets are 
consumed. The problem will be exacerbated in the case of herbivores that consume a large variety of 
softer tissues and be less important in those that forage for a small variety of tough species.   In arid 
environments where plants with a waxy epidermis proliferate, survival of epidermis in the gut from 
different plant species will occur to a greater and similar extent (Dawson and Ellis 1979).  These authors 
suggest that these environments form ideal sites for faecal pellet studies because of this observation. 
 Dunnet et al. (1973) examined the validity of the hypothesis that the proportion of cuticular 
fragments of plants found in the faeces is indicative of the proportions of these plants in the diet.  They 
concluded that there was substantial cuticular survival variation between plant species, and that different 
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individuals of the same species (Brush-tailed Possums; Trichosurus vulpecula) demonstrated variable 
abilities to digest the same food species.  
 Stewart (1967) performed faecal analysis for east African plains herbivores using the area of 
fragments and point quadrat measurements.  He worked in a habitat with a large mammal fauna and a 
rich herbaceous flora and conducted feeding experiments with captive animals.  However, only eight 
species of grasses were included in the tests and no information was obtained on dicotyledons or 
ephemeral grasses.  Stewart (1967, p 110) observed:  
 “Although for intensive studies involving a few plant and animal species it  might be 
possible to establish correction factors to allow for variations in  digestibility, this and the subsequent 
analyses would be extremely time  consuming; it must therefore be accepted that most studies must 
be limited to  obtaining quantitative data on a frequency basis.”   
Dearden et al. (1975) developed correction factors from regression equations to compensate for over or 
under-representation of non-digested, known proportion, hand compounded mixtures of plants.   To 
develop similar correction factors for the plant species of heterogeneous woodland habitats would be a 
difficult task. 
 Norbury (1987, 1988b) conducted a laboratory based experiment with Eastern Grey Kangaroos 
and demonstrated that neither stomach contents nor faecal pellet analysis provided accurate measures of 
the relative dry weights of ingested species of plants.   However, if corrections were made for each plant 
species by the use of factors that allow for differential digestibility, both stomach content and faecal 
analysis were considered to be equally efficient and reliable. 
  Norbury (1988a) applied this principle to a population of free ranging Western Grey Kangaroos 
on homogeneous pasture using correction factors in studying stomach versus faecal pellet contents. 
Similar conclusions were made.  It is clear that allowance for differential digestibility must be made if 
fragment abundance is to be measured. 
 
2.4.5. Sample Preparation. 
 In herbivores, microscopically detectable epidermal characteristics of plant species from ingesta 
samples can be viewed after appropriate preparation (Baumgartner and Martin 1939). This process 
requires an experimental strategy that uses three laboratory-based operations:  
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1. Epidermis from identified possible food plants must be subjected to some kind of digestive process 
(acid digestion or oxidative action).  They are then prepared for microscopic observation so that the 
images can be conserved as an herbarium.  This creates an extensive library of recognisable images.  
For example, Ellis et al. (1977), applied Williams’ (1969) technique of a preliminary bleaching 
process and reported a resulting improvement in the identifiability of fragments.  
2. The ingesta have to be treated to remove any undigested mesophyll tissue.  They can then be 
screened for particle size, especially if relative frequencies of fragments compared to others or to their 
abundance in the field are to be estimated.  This has been aided by the use of sieves of various sizes.  
Sieves can be used to wash and stain particles (Chamrad and Box 1964; Harrington 1976), especially 
if the examiner is using stomach contents and relying on macroscopic observations in order to make 
identifications.  Chamrad and Box (1964) were able to obtain repeatable results with different 
experimenters by applying normal point analysis principles to stomach contents by using a hatpin 
based frame for the macroscopic analysis of stomach contents from deer (Odocoileus virginianus).  
It is possible to utilise gravimetric or volumetric assays to estimate the contribution made by the 
various larger identified components to the diet (Owaga 1978; Puglisi et al. 1978).  These techniques 
do not give due consideration to those species of plants that are easily fragmented into small particles 
because of their fragile nature, and these species will therefore be underestimated in those experiments 
where sieves are used.  Gaare et al. (1977) report that losses in washings through sieve sizes as fine 
as 0.2 mm can amount to fifty percent of the rumen contents. 
3. The prepared specimens need to be mounted on microscope slides and stained, before they can be 
examined for recognisable epidermal fragments. The type of stain, mounting technique and epidermal 
features used for identification purposes will depend on the species in the diet, type of microscopy 
being utilised and degree of permanency required for the samples. 
  
2.4.6.  Sample Examination 
 Estimates of diet selection depend on being able to measure the abundance of a food species in 
the faeces and comparing this with field abundances.  The accuracy of assigning relative frequencies of 
occurrence of plant species in faeces has been investigated and reviewed by Norbury (1987), who 
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identified the measurement of the following three variables as being the most commonly used in faecal 
pellet analysis: 
1. The contents of a faecal pellet can be analysed by measuring the frequency of occurrence of fragments 
by assessing presence/absence of the species (Free et al. 1970; Ellis et al.  1977; McInnis et al.  
1983; Copley and Robinson 1983; Halford et al. 1984a).  This method will overestimate uncommon 
species and underestimate common ones (Hansson 1970).  Empirically it has been demonstrated that 
this method does reflect the relative dry weights of the respective species (Sparks and Malecheck, 
1968) if proportions are able to be adjusted to relative densities as described by Fracker and Brischle 
(1944).  This technique has been very commonly used for a variety of species (e.g. Free et al. 1970; 
Dawson et al.  1975; Ellis et al.  1977; McInnes et al.  1983; Copley and Robinson 1983; Halford 
et al. 1984a). 
2. An alternate strategy is to count the absolute numbers of fragments over a large number of fields of 
view along transects (Griffiths and Barker 1966; Bailey et al. 1971; Griffiths at al. 1974). The use of 
this technique assumes that fragments are the same size.  Usually sieves or grinding procedures used 
alone or together are used to bring fragments into an equivalent size range (Griffiths et al. 1974). 
Barker (1986a) concludes that the procedure is unreliable even when allowing for variations in the 
relative densities of plant species, sieve retention rates and differential identifiability. To contend with 
this situation, Barker (1986b) suggests that the numbers of fragments  should be assessed in a semi-
quantitative fashion using parameters such as, “none, a little, some or a lot” or translated into a form 
such as, - , + , ++ and +++. 
3. The relative areas covered by different fragments on a point quadrat system or grid (MPQA).  The 
use of a systematic grid to locate point quadrats is more accurate than the random selection of fields 
of view or fragments (Gauch 1982; Greig-Smith 1983).  Observing fragments along transects is a 
more efficient method of covering a slide, and results in an identical estimate of variance as if the 
fragments were selected randomly (Cochran 1977).  Measuring the area of fragments can be 
performed by placing a grid or graticule of known size underneath the specimen (Storr 1961; 
Korfhage et al.  1980).  The area of a fragment is assumed to be proportional to its contribution in the 
diet and can be measured in two ways.  A transparent grid may be incorporated into the microscope 
field and the area of the fragment is measured by counting the number of squares of the grid occupied 
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by the fragment (Storr 1961; Hansson 1970).  Alternatively, the field of view has a cross hair inserted 
into it and any fragment that is located under the cross hair, as the slide is systematically moved, is 
recorded (Newsome 1980; Taylor 1983).  A microhistological extension of the method to the 
compound microscope was used by Smith and Shandruk (1979).  The basis of this method is that 
plants with large surface area fragments will appear under the cross hair more frequently than those 
with a smaller surface area.  Results from these observations can give rank orders, not absolute 
fragment sizes.  As Norbury (1988b) has pointed out, the most acceptable method of analysing animal 
faeces or stomach contents for epidermal components is by means of MPQA.  In this instance, the 
relative contributions by individual fragments to the sum of the animal’s diet is estimated by measuring 
the area of the fragments being identified microscopically.  The area of fragments presenting in the 
faeces is a function of the amount of digestion that has occurred as well as the proportion that was 
originally digested (Dunnet et al. 1973).  Area is considered to be directly proportional to the 
frequency of occurrence of fragments along a transect and this is valid if the distribution of the 
fragments is not clumped and occurs randomly. 
 
2.4.7.  The Problem of Diet Selection 
 Experimental designs for studying trophic resource use are multitudinous and all have their 
peculiar problems (Thomas and Taylor 1990).  Johnson (1980) defines selection as the process by which 
an animal chooses a resource.  Preference is described as the likelihood that a resource will be chosen if 
offered on an equal basis with others.  It is this concept of equal basis that often causes problems, since it 
is difficult to judge what this equality implies from the point of view of the animal.  Equality can be 
controlled in the laboratory to some extent, but in the field it is virtually impossible (Werner and Hall 
1974; Sugden and Clark 1988).  Preference is independent of availability because an animal may 
maintain its preference for a food type or habitat even if it is not available.  Clearly, when studying a 
particular species in a particular environment it will not be possible to ascertain preference for these 
absent possibilities and, in reality, preference will be assessed according to choices made given equal 
availabilities.  In these circumstances it is possible to rank choices in order of preference without making 
absolute statements that fail to take into account any missing components.   
 To consider any one of the resources in isolation would be to ignore their interdependence and 
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the diverse uses made of each one. If the resource under consideration is forage and the forage is 
vegetation, then clearly other uses such as shelter, will be made of this resource.  Additionally, other 
factors will operate to limit the selection of that food by the animal in the field that have nothing 
intrinsically to do with the ‘food’ itself.  For example a species of plant may be selected by an animal in 
one community because it is found in a sheltered, leeward habitat and the animal forages in that area 
because of the advantageous physical conditions.  The same plant could be found on the other side of the 
hill where it is not consumed because its position prevents the animal being present.  There is thus, a 
distinct difference between selection and preference.  In the laboratory, the animal may prefer that 
species above all others but in the field it may not be selected (Cock 1978; Kincaid and Cameron 1985; 
Norbury and Sanson 1992). 
 Norbury (1987) has emphasised that dietary studies must distinguish between an understanding 
of the difference between describing the diet as a list of species consumed and incorporating diet 
selection and selection indices.  Selection indices will indicate plant species actually eaten and the choices 
made by herbivores in the field.  Preference indices give the proportion of a food species included in the 
diet if it is offered on an equal basis with other species and can be measured only under laboratory 
conditions with controlled diets.  
 An analysis of the frequency of occurrence of the forage species in the field is required for 
selection studies.  Dietary selection is usually measured by estimating the amount of a particular species 
eaten by an animal and comparing this with the abundance of this species in the field.  For example, if an 
animal’s stomach or rumen is found to contain a large proportion of one particular species and this 
species is relatively less abundant than alternatives in the field, then it can be concluded that the animal 
selects this food and actively seeks it out in a discriminatory fashion.  The corollary would also be true, in 
that, if an animal’s gut contents reveal an absence of a relatively abundant species, then this species was 
avoided.  Preference implies that equal choice exists and this is not the case in the field. Hence 
heterogeneous habitats do not allow for conclusions about dietary preference to be made. 
 The relationship between those items that are found in the diet and the relative proportions of 
these items available to the animal as it forages for its food allow the derivation of a selection index. 
 Measures of selectivity (Levins 1968; Colwell and Futuyuma 1971; Schoener 1974; Hurlbert 
1978; Petraitis 1979; Vanderploeg and Scavia 1979; Feinsinger et al. 1981) depend on comparing the 
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proportion of a certain species in the diet (as measured by one of the methods previously described) and 
the proportion of this same species in the field (as measured by biomass, density, frequency of 
occurrence or cover).  These measurements have been reviewed by Lechowicz (1982) and Norbury and 
Sanson (1992). 
 Evans (1996) comments that the electivity index described by Lechowicz (1982) and first used 
by Ivlev (1961), has the property of being able to take into account the relative abundance and number 
of all food classes in the field.  The electivity index measures the utilisation of food types in relation to 
their abundance or availability in the environment.  Numbers of different permutations of the same 
algorithm describe electivity, and Lechowicz (1982) has shown that the rank order provided by these 
various mathematical measures is always consistent.  However, he concludes that (p 29):  
 “preference indices are primarily useful in discerning and comparing feeding  patterns rather 
than in predicting levels of food utilisation.”   
Jacobs (1974) appreciated the problems associated with electivity indices when food types with different 
relative abundances are compared, or when the relationship between selection and relative abundance is 
the object of the study.  He developed an index that was independent of the abundance and instead 
relied on the rates of decrease of the prey species due to feeding.  Van Vreede et al. (1989) emphasise 
that availability estimates may result in “preference” inferences that lack precision because forage 
availability estimates do not accurately reflect what is actually available to the animal.  
 The further the problem is investigated (Cock 1978) the more it becomes apparent that, although 
one can conceptually comprehend the measurement of diet preferences, it is very difficult to implement.  
Of the eight methods of measurement of diet “preference” reviewed by Cock (1978) only three are 
considered to be satisfactory.  Petrides (1975) makes the distinction between those dietary items that can 
be proved to be eaten by an animal (selection) and those items that are preferred.  Much of the literature 
reveals a failure to appreciate the difference between selection and preference. 
 One of the resulting problems is the inability to determine those food items that are strongly 
selected but, are rarely ascribed to the diet because of their scarcity in the field.  These food items are 
usually underestimated in graze surveys. In ingesta analysis, detection and estimation of selectivity of 
these dietary items will depend on their identifiability and digestibility.   
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 Another factor to consider is the degree of arbitrariness involved on the part of the researcher 
when assessing those components of an ecosystem that are presumed to be available for an animal’s 
usage in its diet (Johnson 1980).  Norbury and Sanson (1992) point out that in most food availability 
studies it is assumed that the measured food availability is equivalent to the animal’s perception of 
availability. They cite the theoretical example of a herbivore that is faced with the choice between two 
species of plant that are equally abundant.  If one of the species is more conspicuous or aromatic than the 
other, it may be perceived quite differently in an availability context to that experienced by the researcher.  
Many plants are known to contain toxic components (Christie et al. 1971; De Munk et al.  1972, 1973) 
and grazing animals either learn to avoid such species or they are warned by offensive odours (Hegarty et 
al. 1972, 1978, 1988).  The concept of competition refuges, usually reserved for predator-prey models, 
may have some relevance here (Durant 1998).  If an understanding of this kind of choice is what is 
required, then the type of experiment and the measure of diet selection would need to be quite specific 
for that purpose (Cates and Orians 1975). 
 
2.5.  Conclusions  
  This chapter has reviewed the literature related to studying spatial and trophic resource 
use in macropodids.  The following chapter describes the study site used to investigate spatial and trophic 
resource use of Eastern Grey Kangaroos and Black Wallabies. 
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CHAPTER THREE 
 
THE STUDY SITE: THE CORANDERRK RESERVE 
Abstract 
 The Coranderrk Reserve is a remnant woodland community managed by the Zoological Board 
of Victoria.  It is the site for this study for the gathering of field data to test the study objectives. 
 This description of the Coranderrk Reserve includes its abiotic (topographical, geological, 
meteorological) and biotic (biological, historical, ecological, management) characteristics.  Flora and 
fauna are described with emphasis upon the relationship that exists between macropodids and the 
vegetation structure. 
 The Coranderrk Reserve consists of a heterogeneous mosaic of plant associations and 
communities which can be characterised according to their dominant species.  It is an area of woodland 
demonstrating the floristics of a managed forest which has incorporated substantial introduced biota.  It 
has not experienced the traditional habitat management practices of indigenous peoples for over 200 
years.    
 
3.1.  Introduction 
 One of the aims of this thesis was to examine the relative extent of resource use by the Black 
Wallaby and the Eastern Grey Kangaroo in remnant managed woodlands. To meet this objective a site 
was required which demonstrated the following characteristics: 
· The site needed to contain several different vegetation communities typical of south-eastern 
Australian managed woodland forests so that conclusions could have wider applications and so 
that relative resource use in a variety of environments could be examined. 
· The two species of macropodid needed to have equal access for the same species of plants in 
their herbivory.   
· The animals needed to be free ranging.  
· The macropodids within the site should be restricted to the site so that access to unknown 
dietary sources could be eliminated. 
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· The site managers needed to be supportive of the study so that destructive biomass activities 
could be performed. 
 
3.2.  The Coranderrk Reserve  
3.2.1.  Location 
 The Coranderrk Reserve is situated 65 km north-east of Melbourne and 5 km south-east of the 
township of Healesville (see Fig 3.2.1.1.), in the state of Victoria (350 49’ south , 1420 45’ east), 
Australia.  It is 2 km east of the Yarra River and on the south-eastern (coastal) side of the Great Dividing 
Range.   It is locally referred to as the Coranderrk ‘bushland’ or often simply as ‘the bushland’.  In this 
thesis it will be referred to as the Coranderrk Reserve. 
 The Coranderrk Reserve is roughly trapezoidal in shape, with an area of 142 ha, and is bounded 
on three sides by public roads and on the fourth by the Healesville Sanctuary (Fig 3.2.1.1.). 
 The Healesville Sanctuary is a neighbouring fauna park, separated from the Coranderrk Reserve 
by a 1.8 m wire mesh fence.  The Sanctuary is open to the public and specialises in displaying Australian 
native animals in a natural setting.  The Sanctuary is managed by the Zoological Board of Victoria, which 
is also responsible for the Coranderrk Reserve.  Public access to the Coranderrk Reserve is not 
permitted. 
 The Reserve was completely surrounded by a 1.8 m cyclone mesh wire fence constructed in 
1963.  This effectively ensures that the Coranderrk Reserve is a biological island for large macropodids.  
The fence is interrupted by a sequence of locked gates.  The fence prevents the exit of macropodids to 
surrounding improved pastures and ensures that the macropodid population in the Coranderrk Reserve is 
not affected by migration.  
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Figure 3.2.1.1.  Locality map showing the Coranderrk Reserve.  Inset shows the location of the 
Healesville township in the state of Victoria, Australia.  (After Institute of  Education 1990). 
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3.2.2.  History 
 The Coranderrk Reserve and the adjoining Healesville Sanctuary grounds were part of the 
Wurundjeri Aboriginal tribes’ hunting ground (Coranderrk Committee of Management 1978).  Evidence 
for aboriginal land use practices can be seen in the form of a canoe tree in the Sanctuary grounds.  
Aboriginal land use practices such as firestick farming and hunting occurred in the Coranderrk Reserve 
prior to European occupation (Coranderrk Committee of Management 1978).    
 In 1860 the Aborigines’ Welfare Board established the Coranderrk Aboriginal Station consisting 
of 1,833 ha on the banks of the Yarra river at Healesville.  This land was gazetted in 1863  (Symons 
1982).  The Station consisted of the current study site (142 ha) as well as Yarra River flats (1,691 ha) 
which were cleared for agricultural purposes.  These flats have been subsequently subdivided and sold to 
private landholders.  The Coranderrk Reserve is the only portion to remain in the Crown’s possession.  
After 1860, aborigines were ‘resettled’ in this area from numerous regions of Victoria, particularly from 
the Murray Valley.  They utilised the land which they had cleared to grow wheat, hops and vegetables 
and continued to hunt and fish to add to their food requirements. 
 The current study site was a small remnant portion of this aboriginal station.  The fertile Yarra 
River flats were used for agriculture, with the study site remaining uncleared and intact.  Prior to the 
erection of the wire mesh fence around the Coranderrk Reserve, the land was available for public use, 
and some areas were used for the grazing of horses and cattle.  Vegetation structures and the presence of 
improved pasture species in the Coranderrk Reserve are indicative of some of these agricultural grazing 
regimes during the Aboriginal Welfare Board’s tenancy. 
 In 1955 the Reserve was placed under the management of the Healesville Sanctuary and a 
Committee of Management fenced the property in 1963.  The Committee of Management and Sanctuary 
have since overseen activities which have included: 
Infrastructure Works 
· Creating habitat by the construction of water impoundments. 
· Bridge construction and the building of a ‘bush hut’. 
· The construction of vehicular paths. 
· Rehabilitation works on the water impoundments including aeration. 
· Hydrological changes associated with the construction of water impoundments. 
     40 
· Converting a small area into eucalypt plantation for the production of coppiced Koala (Phascolarctos 
cinereus victor)  food. 
Environmental Management Strategies  
· Strictly limiting public access. 
· Weed and feral animal (fox, dog and cat) control programs. 
· Fire prevention and abatement works such as slashing and forest litter removal. 
· The elimination of large predatory mammalian species such as foxes, dogs and cats. 
· The use of prescribed burns. 
Research 
· Compiling species inventories. 
· Platypus (Ornithorhyncus anatinus) tracking in the Badger Creek (Serena 1993). 
· Monitoring the invasiveness of Kunzea ericoides (Singer and Burgman 1998). 
· The erection of two exclosures designed to eliminate macropodid grazing for the promulgation of 
native orchid species. One exclosure (the Orchid patch) is 1.5 ha and the other is 250 m2 in area.  
· Conducting annual counts of the macropodid populations. 
· Examining the role of bell miners (Manorina melanophrys) in the spread of dieback in eucalypts 
(Poiani 1993). 
· Surveying the diversity and activity patterns of bat species (Schedvin 1991). 
· Examining the relationship of invertebrate diversity to vegetation structure. 
· Reproduction in the Sacred Ibis (Threskiornis aethiopica) (Beilharz 1988). 
· Home range of Black Wallabies (Edwards and Ealey 1975; Troy and Coulson 1993).  
· Nutrient levels in Lake Coranderrk (Green and Brenners 1991). 
· Home range of the Brush-tailed Possum (Trichosurus vulpecula) (Howell 1991). 
· Diets of Powerful Owls (Ninox strenua) (Tilley 1978). 
Management practices and research activities such as these are typical of other south-eastern Australian 
Reserves and the conclusions of this study may have wider applications for wildlife studies in these sites 
also. 
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3.2.3.  Physiography  
 Elevation ranges from 100 - 127 m above sea level.  Gradients in the Reserve are generally 
gentle, with occasional steep slopes on the banks of Badger Creek (see contour map, Fig. 3.2.3.1.).  
This creek bisects the Coranderrk Reserve from the north-east to the south-west and flows through a 
low drainage line which gives rise to a riparian community.  The land rises to its highest point north of the 
creek. 
 There are two artificial water impoundments.  Lake Coranderrk is in the south-east corner of the 
Reserve and covers 6 ha.  Piccaninny Swamp is midway along the northern boundary and covers 0.75 
ha.   
 A system of vehicular tracks has been constructed throughout the Coranderrk Reserve. There 
are two bridges over the Badger Creek, one on the west boundary road and the other on the road which 
runs north-south through the centre of the Reserve. 
 There are several other developments in the Coranderrk Reserve.  A bush hut has been 
constructed on the banks of the Badger Creek and two exclosures consisting of low netting fences have 
been constructed to encourage the survival and growth of native orchids. 
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Figure 3.2.3.1.  Topography of the Coranderrk Reserve  (Institute of  Education 1990).  Map has 
contour intervals of 5 m and shows the that there are three regions with an altitude of above 120 m.  The 
Badger Creek, Lake Coranderrk and Piccaninny Swamp form the lowest areas with an altitude of 100-
105 m.  
3.2.4.  The Climate 
Annual rainfall at Healesville averages 1027 mm (Bureau of Meteorology 1997) and is usually 
distributed evenly between April and November (monthly average 92 mm).  Summer (December - 
February) rainfall averages 70 mm per month. 
 The annual cycle can be divided into four distinct seasons. Table 3.2.4.1 shows the mean 
maximum and minimum daily temperatures and the rainfall for each month during the study period. 
 
Table 3.2.4.1.   Temperature and Rainfall in the Coranderrk Reserve, Mar 1997 - Feb 1998. 
     Month  
 
Mean Max Daily 
Temp (0 C) 
Mean Min Daily 
Temp  
(0 C) 
Mean Daily 
Temp 
(0 C) 
Total Monthly 
Rainfall (mm) 
Mar 97 23.9 11.4 15.9 6.0 
Apr 97 20.7 7.5 13.0 1.0 
May 97 20.1 6.4 10.8 19.0 
Jun 97 17.1 3.3 9.2 16.0 
Jul 97 11.7 3.0 6.8 15.0 
Aug 97 14.2 2.2 8.8 37.2 
Sep 97 13.2 7.1 10.1 238.0 
Oct 97 21.5 8.3 13.8 347.0 
Nov 97 25.0 9.8 15.9 270.0 
Dec 97 27.8 14.0 18.2 78.0 
Jan 98 27.6 14.2 20.0 57.6 
Feb 98 27.2 13.4 19.6 44.6 
Total    1129.4 
Mean Year 20.9 8.4 13.5 94.11 
 
Monthly rainfall, minimum and maximum temperatures for the year up to and including the reported 
period of study are provided in this table.  Data in this table were automatically accumulated by an on-
line weather-station situated on the northern bank of Lake Coranderrk and compiled by the ranger 
(Slinger pers. comm.). 
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 Autumn (March - May) is relatively dry (8.6 mm per month precipitation during the study period) 
and in its early stages, still very warm (mean maximum daily temperature of 21.60 C.  Winter (June - 
August) is usually cool (mean maximum daily temperature of 14.3 0 C) but tends to be relatively dry 
(22.7 mm per month precipitation) with some early morning fogs.  Spring (September - November) is 
relatively wet (285 mm per month precipitation), with an increase in the daily average temperature (mean 
maximum daily temperature of 19.9 0 C).  High rainfall tends to persist into the early months of the 
summer with a drying off occurring during the latter stages. 
 Wind is usually moderated by the surrounding protection of the Great Dividing Range, although 
northerly winds can generate substantial velocity because they corridor down the Chum and Myers 
Creek valleys into the area, especially in summer.  Prevailing winds are from the north east.    
 The meteorological conditions recorded in Table 3.2.4.1. indicate that average climatic 
conditions during the period of study were not atypical.  There were however, some aspects of the 
weather conditions which were above or below average.  The first four months of 1997 produced a total 
of 13 mm of precipitation, with May, June and July experiencing only 50 mm.  This is significantly below 
average. 
 The mean monthly rainfall from April to November 1997 was 118 mm, which is above average, 
and the distribution was skewed towards the months of Sep - Oct with 91% of precipitation occurring at 
this time.  During the study period October had three times the normal average rainfall.   
 Also, the temperature in September, 1997 was atypically low with daily mean maximum 
temperatures actually being less than those of August.  Evening minima were however, higher.  The 
summer was typical of the area with high temperatures and decreasing rainfall. 
 It is reasonable to conclude that the beginning of the 1997-1998 period of study represented a 
window of climatic conditions in the Coranderrk Reserve which could intensify macropodid inter and 
intra-species competition for available graze and browse when available forage was minimal.  The 
increased rainfall of the Spring months should have allowed a level of plant productivity which would 
have decreased these competitive pressures over the spring and summer. 
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3.2.5.  The Soils 
 The soils of the Coranderrk Reserve are derived from Devonian sediments of sandstone and 
mudstone with Quaternary alluvium in the Eucalyptus viminalis floodplains of the Badger Creek which 
flows through the Reserve (Douglas and Ferguson 1976). 
 These well-drained sedimentary soils have a high clay content and they support vegetation that is 
capable of withstanding prolonged periods of dry weather as well as wetter seasons.  The alluvial flats 
along the terraces of the creek contain sand and humus and tend to support riparian vegetation.  Artificial 
earth walls have been constructed to contain water in Lake Coranderrk and Piccaninny Swamp. 
 
3.3.  The Biota of the Coranderrk Reserve 
3.3.1.  The Flora of the Coranderrk Reserve  
 McMahon and Carr (1990 and 1991) have described the vegetation of the area and the 
community definitions used in this investigation are adapted from these publications.  As reported by 
these authors the floristic components of the Coranderrk Reserve can be summarised as follows: 
· Vascular plants in the Coranderrk Reserve are represented by 502 recorded species (McMahon and 
Carr 1991; Willis 1977) (see Appendix 1).  As a comparison, Craig et al.  (1987) recorded 187 
species in the Dartmouth Forest of north-eastern Victoria. 
· These plants consist of a mixture of native species (73%) and exotic species (27%). 
· Twelve vegetation communities have been identified by McMahon and Carr (1991) and two more 
have been identified for the purposes of this study.  The geographic distribution of these communities 
is displayed in Figure 3.3.1.1. 
· Three plant species of state significance and 76 species of regional significance have been identified in 
the Coranderrk Reserve. 
· Three of the vegetation communities are of state significance and two are of regional significance. 
 On the basis of these observations, McMahon and Carr (1991, p 1) have identified the 
Coranderrk Reserve as having:  “outstanding botanical values” and they determined the area to be  “of 
state conservation significance”.  It can be argued that the Coranderrk Reserve may not have 
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“outstanding botanical values” if the level of exotic plant infestation is considered.  Certainly, the extent of 
colonisation by introduced species and the interference induced by European influences have detracted 
from these Coranderrk Reserve values. 
 The Coranderrk Reserve has a contiguous sequence of fertile foothill forest, floodplain and 
drainage line woodland communities.  The major reason for the species richness of the Coranderrk 
Reserve flora is probably the existence of these diverse communities.  Ten communities were studied.  
Eight of them followed the classification system devised by McMahon and Carr (1990 and 1991).  Two 
of these authors’ communities were excluded from the study because they were permanently flooded and 
two new ones were included. The floristic composition of these communities is summarised in Table 
3.3.1.1. and described in detail below 
 
Table 3.3.1.1.  Community Classification System in the Coranderrk Reserve. 
Acronyms Used to Represent Communities are in Brackets 
Dominant 
species 
E. radiata E. obliqua E. camphora E. viminalis P. australis 
 
Allied 
species 
E. 
macrorhyncha 
(EM) 
Woodland 
E. obliqua 
(EX) 
Woodland 
C. quadrifida,  
C. latifolium 
(CL) 
Drainage Line 
E. viminalis 
Floodplain 
(EA) 
P. australis 
Grassland 
(PA) 
 E. obliqua  
(EO) 
Woodland 
 Fire affected 
C.  
quadrifida,  
C. latifolium 
(CLB) 
Drainage Line 
E. viminalis 
Riparian zone 
(EG) 
 
 E. rubida  
(ER) 
Woodland 
 L. lanigerum,  
B. rubiginosa 
(LL) Swamp  
E. ovata  
 (KP) 
Plantation 
 
 E. aromaphloia 
(EV) 
Woodland 
    
 
 The title assigned for each community by McMahon and Carr (1990) is given first. This is 
followed by their acronym given in brackets.  The common name descriptor for each community used in 
this thesis is given in bold letters: 
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1. Eucalyptus viminalis  (Manna Gum) floodplain forest community (EA). 
Badger Creek Floodplain 
 This remnant community provides the dominant vegetation of the floodplain of the Badger Creek 
some of which has been cleared for agriculture.  It has a tall (to 35 m), open canopy of E. viminalis with 
a sparse small tree stratum of Acacia melanoxylon (Blackwood), A. dealbata (Silver Wattle) and E. 
radiata (Narrow-leaved Peppermint).  The shrub layer is also open and is dominated by Coprosma 
quadrifida  (Prickly Currant-bush), Helichrysum dendroidium (Tree Everlasting) and  Pomaderris 
aspera  (Hazel Pomaderris). 
 A dense and largely herbaceous field layer exists in this community.  It consists of Poa 
ensiformis (Sword Tussock Grass), P.  labillardieri  (Common Tussock Grass), P. tenera (Slender 
Tussock Grass) and Microlaena stipoides (Weeping Grass) interspersed with herbs such as Geranium 
solanderi (Austral Crane’s Bill), Stellaria flaccida  (Forest Starwort) and Acaena anserinifolia  
(Bidgee Widgee). 
 
2. E. camphora (Mountain Swamp Gum)/Coprosma quadrifida (Prickly Currant Bush)/Cynoglossum 
latifolium (Forest Hound’s-tongue) community (CL). 
Piccaninny Swamp Drainage Line 
 E.  camphora woodlands are known only as relics in the Upper Yarra region (Simmons and 
Brown 1986) and within the Coranderrk Reserve appear to have been exposed to both structural and 
floristic change characterised by the overgrowth of C.  latifolium to completely dominate the ground 
stratum in many areas.  Other species coexisting in this layer are P. tenera, P. labillardieri, Gahnia 
sieberiana (Red Fruit Saw Sedge) and Baumea tetragona (Square Twig Sedge).  The shrub stratum is 
composed largely of Coprosma quadrifida which is heavily browsed.   
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3. E. rubida (Candlebark)/E. radiata (Narrow-leaf Peppermint) community (ER). Candlebark / 
Narrow-leaf Peppermint Woodland 
 This community exists on the most fertile soils of the E. radiata complex.  Previous partial 
clearing and domestic grazing occurred in this area during the Aborigines’ Welfare Board’s tenure, 
resulting in mosaics of botanically intact areas interspersed with thickets of Acacias and exotics. 
 The grassy sub-stratum of this community is dominated by G. radula (Thatch Saw Sedge), 
Lomandra longifolia (Spiny-headed Mat Lily) and M. stipoides with the better drained sites supporting 
the associated species of Themeda australis  (Kangaroo Grass) and the Poas. 
 A heavy weed infestation of Anthoxanthum odoratum  (Sweet Vernal Grass) and Holcus 
lanatus (Yorkshire Fog) exists in this community. 
 
4. E. viminalis , Riparian zone community  (EG). 
 Badger Creek Riparian Zone  
 The vegetation of this community is dense and strongly layered with a thick tall shrub layer of P.  
aspera, Prostanthera lasianthos (Victorian Christmas Bush) and Cyathea australis (Rough Tree 
Fern).  The community is dominated by Culcita dubita (Common Ground Fern), C. latifolium, 
Australina pusilla and Adiantum aethiopicum  (Common Maidenhair). 
 
5. E.  macroryncha  (Red Stringybark) /E.  radiata community  (EM). 
Red Stringybark / Narrow-leaf Peppermint Woodland 
 This community occupies the driest sites of the Coranderrk Reserve and is typified by dominant 
E. radiata /E. macroryncha complex with a grassy ground stratum.  The shrub stratum is represented 
by thickets of Kunzea ericoides (Burgan) and Olearia phlogopappa (Dusty Daisy Bush) with a 
noticeable absence of other species.  The ground stratum is orchid and lily rich with many dicotyledonous 
herbs present.  The tussock grasses, Chionochloa pallida (Silver Top Wallaby Grass) and M. stipoides 
are interspersed with thickets of G. radula   and form the grassy stratum. 
6. E. aromaphloia (Scentbark)/E. cephalocarpa  (Silverleaf Stringybark) /E. radiata community (EV). 
 Scentbark / Narrow-leaf Peppermint Woodland 
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 This community is characterised by Scentbark and Silver-leaf Stringybark overstorey, with 
occasional Candlebarks and Narrow-leaf Peppermints. 
 The ground stratum is dominated by L.  longifolia or G.  radula  with Poa morrisii (Soft 
Tussock Grass), M. stipoides and C. pallida as well as abundant seasonal flora of lilies and orchids.  
The Sundews (Drosera spp.) are seasonally abundant and the field layer is  orchid and lily rich. 
 The shrub stratum is open with K. ericoides being dominant and heavily browsed B. spinosa 
specimens are found in localised populations. 
 
7. E.  obliqua  (Messmate Stringybark) damp sclerophyll forest community (EX).   
Messmate Woodland 
 This complex is the dominant vegetation type of southerly aspects and is characterised by an 
open canopy and a well developed shrub stratum of K. ericoides, Acacia mucronata (Variable Sallow 
Wattle) and Leptospermum juniperum.  (Prickly Tea-tree).  Common species of the ground stratum 
include P. ensiformis, P. tenera, Tetrarrhena juncea (Wire Grass), M. stipoides and G. radula. 
 
8. E. obliqua /E. radiata community (EO). 
Messmate / Narrow-leaf Peppermint Woodland 
 The canopy is dominated by E.  obliqua in association with E.  radiata. The shrub layer is 
largely deficient and almost solely represented by Bursaria spinosa var. spinosa (Prickly Box) which is 
heavily browsed. The ground stratum of this community is species rich due to the presence of many herbs 
and grasses. 
 
     50 
9. E. camphora (Mountain Swamp-gum)/Coprosma quadrifida (Prickly Currant-bush)/Cynoglossum 
latifolium (Forest Hound’s-tongue) burnt community (CLB). 
Lake Coranderrk Fire-affected Drainage Line  
 This community is similar to CL except that it was burnt to provide a fire break by Sanctuary 
staff on 16-17 March 1997.  It forms the drainage field of a different body of water (Lake Coranderrk).  
CLB was included as a separate community because of the change in distribution and abundance of plant 
species caused by the burning.  The effects of the fire were not homogeneous, with some areas burning 
more completely than others.  This community remained charred and dormant over the Autumn following 
the burn but demonstrated vigorous regeneration in the Spring of 1997. 
 
10. E. ovata /E. viminalis  plantation community (KP). 
Eucalypt Plantation 
 This community is a highly managed plantation of eucalypts which have been planted in rows. The 
coppiced growth is harvested to feed the Koala (Phascolarctos cinereus victor) population of the 
Sanctuary.  An understorey is absent and the floor is completely dominated by a grassy sward of mostly 
introduced grasses such as A. odoratum, H. lanatus and H. radicata.  The plantation has been 
established in an area which had been previously cleared and sown to these introduced grasses. 
  
 There are two further communities present in the Coranderrk Reserve that were identified by 
McMahon and Carr (1990 and 1991) but not included in this study because they were permanently 
inundated with water and not utilised by macropodids. 
 
11. E. camphora (Mountain Swamp Gum) /Leptospermum lanigerum  (Woolly Tea-tree)/Baumea 
rubiginosa (Soft Twig-rush) community  (LL). 
Swamp 
 This community exists within the shallow reaches of Piccaninny Swamp and is permanently 
inundated.  It is dominated by E. Camphora (Swamp Gum) at its margins with an understorey of Tea-
tree and Rushes. 
12. Phragmites australis grassland community (PA). 
Grassland    
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 Tall reeds, accompanied by knotweeds (Polygonum minus), rushes (Juncus sp.) and sedges 
(Cyperus sp.) dominated parts of the margin of Lake Coranderrk and was identified as a separate 
community by McMahon and Carr in 1990. 
  
Table 3.3.1.2.  The Relative Size of the Communities in the Coranderrk Reserve. 
Community Area (ha) Area (%)  
EA 19.2 13.5 
CL 10.9 7.7 
ER 17.9 12.6 
EG 9.8 6.9 
EM 25.7 18.1 
EV 16.9 11.6 
EX 12.4 8.7 
EO 5.4 3.8 
CLB 8.5 6.0 
KP 6.2 4.4 
LL* 9.4 6.6 
PA* 0.1 0.1 
Total 142.0 100.0 
 
* Communities not included in this study  
              
 Table 3.3.1.2.  details the contributions of the various communities to the total area of the 
Coranderrk Reserve and Fig 3.3.1.1. shows their locations.  Communities whose floor is dominated by a 
shrub deficient grassy sub stratum (EA, ER and KP) represent 30.5 % of the total.  Those dominated by 
herbaceous plants and/or graminoids (EM, EV, EX and EO) represent 57.7 % of the total. 
 Appendix 1 lists those vascular plants which have been detected in the Coranderrk Reserve and 
is a compilation of the plant lists amassed by Willis (1978) and McMahon and Carr (1990). 
 Chapter 4 describes the vegetation structure and botanical composition of the ten communities 
studied as evaluated during field work within the study period. 
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Figure 3.3.1.1 Vegetation Map of the Coranderrk Reserve (Adapted from McMahon and Carr 1990). 
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3.3.2.  The Fauna of the Coranderrk Reserve. 
 The vertebrate fauna of the Coranderrk Reserve is representative of animals found in similar 
areas of foothill forests of the Great Dividing Ranges, with the exception that the Ranger of the Reserve 
has undertaken a painstaking Fox (Vulpes vulpes) and feral Dog (Canis familiaris) control program.  
The other limiting factor operating upon the Coranderrk Reserve is its perimeter fence which prevents the 
emigration and immigration of land-dwelling vertebrates such as macropods, emus, cattle and sheep. 
 In addition to aboriginal people, indigenous carnivorous predators such as Dingoes (C. 
familiaris) no longer reside in the Coranderrk Reserve and the predatory pressure that they would 
normally exert upon the herbivore population does not exist. 
 Species lists of the various animal species which live either permanently or transiently in the 
Coranderrk Reserve have been accumulated and compiled by the Ranger.  They are available from the 
author.  Table 3.3.2.1. summarises the faunal components of the Coranderrk Reserve. 
 
Table 3.3.2.1. The number of vertebrate animal species found in the Coranderrk Reserve 
(From Underwood 1994). 
 Number of Species 
Mammals 40 
Birds 186 
Reptiles 12 
Amphibians 10 
Fish 11 
 
              
  
 Of relevance to this study and not without implications for management, is the presence of a 
resident Emu (Dromaeus novae-hollandiae) population in the Coranderrk Reserve.  Emus were 
counted together with the macropodid population by the line transect method described below and their 
numbers are recorded in Table 3.3.3.1.  
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3.3.3. Macropodids in the Coranderrk Reserve 
 The macropodid population consists entirely of Eastern Grey Kangaroos and Black Wallabies.  
They are not provided with supplementary feed and are not domesticated.  The two populations are 
derived from original resident populations enclosed within the Coranderrk Reserve when the perimeter 
fence was constructed.  A few additions from Sanctuary stock have been made since that time. 
 Macropodid numbers have been estimated at least annually since 1984 using the transect survey 
method (Coulson 1985; Coulson and Raines 1985).  This method involves using volunteers (Friends of 
the Zoo and Box Hill College of TAFE Natural Resource Management students) who line up along the 
Albert Rd boundary at equidistant intervals of 30-40 m depending on the number of people available.  
Usually the count is conducted with a minimum of 30 people which would allow for a maximum 
separation distance of 37.5 m.  Visual contact is possible between adjacent counters at the beginning of 
the count.  Sequentially numbered maps are issued to the counters and four portable transceivers are 
equally distributed along the line.  Participants then move northwards in a line spreading further apart as 
the width of the transect increases and contracting as it becomes shorter.  At Lake Coranderrk the line is 
held whilst counters walk around the Lake, and it is then reformed beyond it.  All Black Wallabies and 
Eastern Grey Kangaroos moving through the line are counted on the left of the counters. If any animals 
move back through the line in the opposite direction they are subtracted. This method was instigated 
during the first count in October 1984 (Wilson 1984) and has been used ever since.  The last count 
available was in November 1998.  Counts were conducted at irregular intervals because of changes in 
management staff and the availability of volunteers.   
 Southwell (1989) comments that drive count data are usually an underestimate, particularly for 
Black Wallabies but that the use of large numbers of volunteers walking along a transect at close quarters 
is ideally suited to the accurate counting of large macropodids in forested, small reserves such as the 
Coranderrk Reserve.  Eastern Grey Kangaroos are large and obvious, and move substantial distances 
when they are disturbed by the counters (personal observation).  The counts for Eastern Grey 
Kangaroos should therefore be very accurate.  The Black Wallabies, on the other hand, are much more 
secretive, and when disturbed, do not move large distances but instead hide in available shelter.  It is 
possible that some Black Wallabies were missed in these counts and the data in table 3.3.3.1 are 
probably an underestimate of Black Wallaby numbers.  Troy et al. (1992) conducted counts of Black 
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Wallabies at the Coranderrk Reserve and confirmed the suspicion that Black Wallabies not near the 
transect line often sat quietly and unobserved as the counters walked by.  
 Replication was not performed on the counts because of the difficulty involved in obtaining 
volunteers, so an estimation of variance for the counts was not possible.  Considerable experience has 
been gained by the Coranderrk Reserve staff in conducting the census and apart from the anomalous 
counts indicated in Table 3.3.3.1, the Eastern Grey Kangaroo count is considered by them to be 
accurate within two individuals and the Black Wallaby count may be an underestimate by up to ten 
animals (Slinger pers. comm.). 
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Table 3.3.3.1.  Large Herbivore Census Data for the Coranderrk Reserve. 
Date Eastern Grey Kangaroos Black Wallabies Emus 
Oct 1984 35 37 7 
Feb 1987 44 17 7 
Nov 1987 60 36 5 
Apr 1988 60 32 6 
Dec 1988 48 46 9 
Nov 1990 47 51 12 
Nov 1991 46 50 12 
Nov 1992 56 54 NR 
Nov 1993 49 47 NR 
Nov 1994 38 43 NR 
Nov 1995 35 98 NR 
Jun 1996* 22 86 5 
Nov 1996 34 94 4 
Jul 1997 35 118 5 
Mar 1998 32 132 4 
Nov 1998 24 106 3 
*The data gathered from the June 1996 count were thought to have missed several animals because an 
adequate number of volunteer counters could not be obtained. 
NR: Not recorded. The Emu count data were not recorded. 
Note: A count was to be conducted in Nov 1997 but sufficient volunteers could not be assembled to 
proceed. 
 
              
 Table 3.3.3.1. shows an apparent 71% increase in Eastern Grey Kangaroo numbers from 35 to 
60 during the years 1984 -1987.  The December 1988 count indicates a lower number and this 
population level (mean number = 49) is generally maintained until November 1994 when a reduction 
occurred.  This reduction may be a consequence of an intervention strategy which was instigated in April 
1994 and involved the vasectomy of seven dominant males in the Eastern Grey Kangaroo population.  
Apart from the possibly erroneous count conducted in June 1996, Eastern Grey Kangaroo numbers then 
stabilised at a mean level of 35 animals until the most recent count (November 1998) when 24 animals 
were recorded.  
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 Black Wallaby numbers appear to show constancy over extended periods.  If the February 1987 
count is ignored, then Wallaby numbers were maintained in the mid thirties from October 1984 to April 
1988.  The population then increased to a mean of 49 and this was maintained until Nov 1994. This 
increase accompanied a decrease in the Eastern Grey Kangaroo numbers.  Over the next year, the 
population increased from 43 to 98 representing a 127% increase.  This increase seems improbable 
given the time frame and the reproductive potential of the animals.  It is likely that the count of November 
1994 is an under-estimate and / or the following count of November 1995 is an over-estimate.  
Confidence in the walked transect used to derive this count is low.  Walkers could not maintain the line 
and a section of the Coranderrk Reserve representing approximately 20% of its area was not surveyed.  
The numbers of animals may have decreased but it is also possible that the reduced number is an artefact.  
This increase in Black Wallaby numbers was continued until the final data set (November 1998) when it 
had reached 132. 
 Although it is recognised that the macropodid census at the Coranderrk Reserve has its 
deficiencies, two underlying trends can easily be distinguished.  
· A reduction in Eastern Grey Kangaroo numbers associated with the vasectomy of dominant males. 
· An increase in Black Wallaby numbers. 
 During the field collection aspect of this study it is likely that due to increasing herbivory pressure, 
resource use by the two species was unbalanced and in a state of flux.  If habitat is vacated by the 
decreasing Eastern Grey Kangaroo population then it could be utilised by the increasing numbers of 
Black Wallabies.   
 The distribution of the animals (Chapter 4) and their dietary preferences (Chapter 6) over this 
period may reveal the extent of this overlap and its ability to change. 
 
 
 
 
3.4.  Ecology and Management   
 McMahon and Carr (1991) have examined the management problems of the Coranderrk 
Reserve.  Currently identified major disturbances in the Coranderrk Reserve include:   
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· Vegetation changes because of altered water table levels caused by the construction of water 
impoundments. 
· Eutrophication of freshwater bodies and Cyanobacterial blooms.   
· Eucalypt dieback associated with Bell Miner (M. melanophrys) activity (Poiani 1993).   
· Substantial introductions of exotic plants and their continued promulgation possibly due to 
macropodid and Emu (D. novae-hollandiae) herbivory behaviours.   
· Increased habitat patchiness and heterogeneity probably because of prescribed fires. 
· Vegetation changes brought about by overgrazing by macropodids and Emus (D.  novae-
hollandiae). 
· Phytophthora cinnamomi infection. 
· Erosion problems, including increased turbidity of Badger Creek. 
· The domination of understorey by Burgan (K. ericoides) and  Forest Hound's Tongue (C. latifolium)  
(Singer and Burgman 1998). 
· The lack of eucalypt recruitment because of altered fire regimes and browsing. 
· Trampling effects, particularly by Emus in the riparian zone. 
 
 The management problems of the Coranderrk Reserve are typical of those experienced in similar 
remnant woodland communities and a lack of resources and baseline data has hindered the application of 
strategies to address these issues.  This study examines some aspects of the role macropodids play in 
these problems.  
 The vegetation in the Coranderrk Reserve will be affected by the herbivory patterns of Eastern 
Grey Kangaroos and Black Wallabies and these species are often implicated as the cause of the 
vegetation structure problems outlined above.  Singer and Burgman (1998 p 23) state: 
 “Heavy browsing by Black Wallabies and Eastern Grey Kangaroos and  overgrazing are 
probably the primary factors which led to the expansion of K.  ericoides in the Reserve”. 
   Eastern Grey Kangaroos are seen as the major causative species of habitat changes in the 
Coranderrk Reserve and other similar remnant woodlands (Tonkinson 1990; Department of 
Conservation, Forests and Lands 1987; Neave and Tanton 1989).  Many wildlife managers protect 
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vegetative values by culling macropodids (e.g. kangaroos) and such strategies present political and social 
problems which are difficult to counteract (Coulson and Norbury 1988; Coulson 1990a).  To avoid 
some of these sensitive objections to culling, vasectomy of seven dominant males of the Eastern Grey 
Kangaroo population in the Coranderrk Reserve was performed.  A rise in the numbers of Black 
Wallabies followed this population control strategy occurred and may well have exacerbated the 
management problem it originally set out to solve (See Table 3.3.3.1.).  Such a dilemma is at the core of 
this study. 
 Macropodid populations were thought to be above the ecological carrying capacity of the 
Coranderrk Reserve (Slinger pers. comm.).  This assessment was made on the basis of post-mortem 
observations on macropodid carcasses and subjective observations on changes in vegetation structure.  
When populations of Western Grey Kangaroos (M. fuliginosus) rise, fertility levels do not fall and 
mortality rates do not rise (Coulson et al. 1990) until substantial botanical damage occurs. Similar 
damage was observed by McMahon and Carr in 1990 at the Coranderrk Reserve and this damage was 
ascribed to the Eastern Grey Kangaroo.  The lack of predators at the Coranderrk Reserve may further 
exacerbate the problem.  Middleton (pers. comm.) and Underwood (pers. comm.) have found increased 
burdens of parasitic intestinal nematodes and liver flukes in deceased Eastern Grey Kangaroos found in 
the Coranderrk Reserve.  It is possible that inter- and intra-specific competition will lead to death 
because of the effects of parasite burdens rather than the direct impacts of malnourishment which may be 
expected to occur when population levels rise (Beveridge et al. 1998). 
 McMahon and Carr (1991) hypothesised that grassy areas of turf, originally established for 
domestic stock, were being promulgated by the herbivory activities of macropodids.  The lack of 
recruitment of trees and shrubs due to the browsing of seedlings is a real factor in preventing the creation 
of normal age structures in the vegetation.  There is almost a complete absence of juvenile examples of 
woody species except in those areas which form partial exclosures for macropodids.  The ‘orchid patch’ 
exclosure was found to be botanically more diverse than its surrounds (McMahon et al. 1989) and this 
may be evidence that over-grazing is occurring in the Coranderrk Reserve and that it prevents the 
recruitment of woody species.   
 Unpalatable species may proliferate because grazing pressure selects in their favour.  McMahon 
and Carr (1991) cite Burgan  (K. ericoides) as an example of this process.  This species is abundant and 
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widespread in the Coranderrk Reserve.  Although it is not exotic, given the disturbed environment it 
multiplies to form an understorey which approaches a monoculture.  The Burgan is unpalatable to grazing 
vertebrates (domestic and native) and competes with palatable species.  It is possible to hypothesise that 
they are therefore selected for survival by macropodid activity (Singer and Burgman 1998).  Similarly, 
Forest Hound’s Tongue (C. latifolium) is largely a ground cover which is unattractive to the macropodid 
grazers.  However, it occurs amidst mixed swards of grasses and herbs which are palatable and although 
experiencing trampling effects, is not consumed by the animals.  This may allow it to successfully 
dominate the ground stratum in many areas. 
 Some areas of the Coranderrk Reserve are thought to suffer to a greater extent than others as a 
result of such overgrazing and browsing pressures.  The absence of large numbers of Eastern Grey 
Kangaroos in the drier habitats of the Reserve was observed in this study (see Chapter 5) and is thought 
to be in part due to the lack of grassy swards of palatable species in these areas with the existence of a 
more floristically intact sub-stratum. 
 A better understanding of the habitat utilisation and diet of the two species of macropodids being 
studied may assist in the solution of these herbivory-related problems in the Coranderrk Reserve and 
elsewhere and is the focus of this work. 
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3.5. Conclusion 
 The Coranderrk Reserve was chosen as the study site for an investigation into resource use by 
Eastern Grey Kangaroos and Black Wallabies.  The Reserve consists of a heterogeneous mosaic of plant 
associations and communities which could be characterised according to their dominant species.  The 
dominant vegetation structure of the Coranderrk Reserve is woodland and it exhibits a species rich herb 
stratum with a significant number of exotic species and a relatively poor shrub layer.  Recruitment of 
dominant, especially eucalypt species is absent.  The vertebrate fauna of the Coranderrk Reserve 
consists of a diverse array of exotic and native species.  The macropodid population provides the focus 
of this study and was examined in detail.  It consists of a population of Eastern Grey Kangaroos and 
Black Wallabies which share habitat over their range.  The possible contribution of macropodids to the 
management problems of the Coranderrk Reserve was discussed. 
 A study of the vegetation structure of the Coranderrk Reserve was undertaken at the same time 
that macropodid resource use was estimated and the resulting floristic analysis is provided in the following 
chapter. 
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CHAPTER FOUR 
 
THE VEGETATION STRUCTURE OF THE CORANDERRK RESERVE 
Abstract 
 In order to characterise the habitat use, diet and diet selection of the Eastern Grey Kangaroo and 
Black Wallaby it was necessary to compile a floristic inventory of the Coranderrk Reserve.  This was 
conducted by implementing a random sampling strategy to measure the distribution, abundance, biomass 
and cover of flora available for macropodid herbivory during high and low productivity periods in ten 
Coranderrk Reserve communities. 
 The Coranderrk Reserve was shown to be a heterogeneous and identifiable mosaic of plant 
communities which had distinct differences in floristic composition and vegetation structure.  There were 
seasonal changes in cover and food availability which were substantial in some communities.     
 
4.1.  Introduction 
 McMahon and Carr’s (1990 and 1991) floristic assessments have provided a useful classification 
system of the extant plant communities in the Coranderrk Reserve.  Their sampling strategy was designed 
to accumulate a working list of the plants present and to identify management problems.  They used 
unequal sample sizes and deliberate, rather than random selection of sampling sites.  However, their 
sampling strategy is inappropriate for studies such as this one, where more precise quantification of the 
vegetation structure is required.   
 McMahon and Carr (1990) gathered their floristic data between October 1989 and March 
1990.  For the purposes of this study, the resource use by the animals may well have varied depending 
on the availability of those resources.  More complete and precise seasonal data were therefore required.  
Furthermore, since this floristic information was to be related to habitat selection and the diet of 
macropodids, it was necessary to perform the vegetation studies at the same time as the habitat utilisation 
and dietary measurements were made.  Diet selection studies require a comparison of what is present in 
the animal’s faeces and what is available for herbivory in the field at the same time as the material is 
consumed (Norbury 1987).  This latter necessity made it impossible to use data that had been amassed 
by others at a different time. 
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 Preliminary investigations were conducted to examine the community structure of the Coranderrk 
Reserve.  It was concluded that the community classification system detailed by McMahon and Carr 
(1990) could be adapted for this work, with the addition of two new communities.   However, a new set 
of floristic data would need to be accumulated which specifically related to the objectives. 
 The selection of diet and habitat by macropodids will, in part, be determined by the vegetation 
structure of the communities as they are utilised for shelter and foraging purposes.  The relative degree of 
resource use by Eastern Grey Kangaroos and Black Wallabies will also be a function, at least in part, of 
this parameter.  If this resource use is to be assessed, then a study of the vegetation structure must be 
conducted.  It was decided to measure cover, abundance and biomass of the vegetation. 
 Cover is a measure of the available plant material as it presents itself visually to the animal 
because it is a measure of the percentage of the area covered by an individual species (Jensen and 
Salisbury 1972).  It is therefore a satisfactory measure of vegetation structure for dietary studies 
(Korfhage et al. 1980; Nudds 1980). Only certain vegetation sectors are physically available for 
macropodid herbivory, and it is therefore not necessary to assess the cover of inaccessible plants such as 
trees above a certain height, if they are not available for dietary choice. 
 Frequency of occurrence data accumulates as the plant lists for each plot are accumulated 
because it is simply the number of plots in which a particular species occurs (Jensen and Salisbury 1972).  
Frequency data do not measure the forage that is available to herbivores.  Two plant species may be 
found in every quadrat and hence return identical frequencies of 100%, but one may be a small and 
insignificant plant and the other large and obvious.  Frequency data will not reveal these differences, and 
it is probably less valuable from a resource use view than cover.  Frequency data accumulates as other 
measures are gathered and is therefore given in this work. 
 Biomass is the mass of dry matter contributed by individual plant species or groups of species to 
the available forage.  It may give considerably different results when compared to cover.  Some species 
may occupy larger regions of space and hence have a high cover measure, but because they consist of 
light and flimsy leaf matter may not represent a large biomass component.  The opposite may also be 
true. 
 
4.2. Methods  
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4.2.1.  Sampling Strategy 
 The ten communities described in Chapter Three were sampled.  Eight of these communities 
were plant alliances previously described by McMahon and Carr (1990) and two were identified for the 
purposes of this study (CLB: the Lake Coranderrk fire-affected drainage line and KP: the Eucalypt 
plantation). 
 Equal sampling effort in each community was employed, and the sampling sites were selected 
randomly.  A random number generator was used to obtain grid co-ordinates.  The grid references were 
located and marked as points on the Coranderrk Reserve map.  These points represented the sampling 
sites and their locations are given on Fig. 4.2.1.1.  Directions for finding these points were then derived 
by measuring the scale distance and compass bearing from a landmark, such as an intersection, bridge or 
fence on the map.  In the field, the bearing was followed for the measured distance using a 100 m tape 
measure and a Silva Ò compass (Polaris model number 7).  Only two sites located in this way had to be 
rejected, in both cases because they were situated in deep water which was assumed to be out of reach 
and unavailable for macropodid herbivory.   
 Ten such sampling sites were located in each of the ten communities giving a total of 100 
sampling sites. Each point was then marked with a numbered 1.2 m wooden stake driven into the ground 
and with red tape in a tree at the nearest accessible point beside a track.  New practical directions for 
finding the sampling site from the tape were then formulated.  A satellite based Global Positioning System 
(Magellan GPS Promark X CP) was used to determine the latitude and longitude of the site.  The 
resulting coordinates of the sampling sites are available from the author. 
 These sites were then assessed by using plots of different shapes, sizes and number, depending 
upon the measurement that was to be made (plant cover and abundance,  biomass, scat density,). 
 A pilot study indicated that there was some possible difference in habitat selection by Eastern 
Grey Kangaroos when broadly measured by season.  Given the effort involved in harvesting biomass, 
sampling of the vegetation was made according to a notional productivity basis.  Rather than using a strict 
seasonal definition, the concept of high and low biomass times was invoked.  In accordance with the 
weather patterns and experience, July was determined to be a low biomass period because of reduced 
available sunlight and decreased temperatures at that time.  Similarly, December was assigned as a high 
biomass collection period.  The original experimental design was to quantify vegetation on these two 
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occasions only.  However, on the basis of the results of the December macropodid scat collection (see 
Chapter 5), which indicated a change in the selection of habitat, especially by Eastern Grey Kangaroos, a 
third complete plant assessment was added in February alongside the previously planned scat collection. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.2.1.1.  Location of Sampling Sites 
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 4.2.2.  Cover and Abundance 
  To measure diet selection it is necessary to estimate the availability of the different species of 
plants for the animals as they forage for food.  Such availability of food compartments can be measured 
using biomass as described in section 4.2.3.  However, if the selection of particular species of plants is to 
be calculated then a more precise and species-specific measure is required.   This can be performed by 
measuring the proportion of the ground area occupied by that species of plant (cover) or more simply by 
calculating the frequency of occurrence of the species in several sampling sites.  A disadvantage of the 
latter method is that it makes no allowance for the relative size of different species. 
  Since species lists have to be accumulated for each cover estimate, the measurement of 
frequency becomes opportunistically available.  Both parameters were therefore included. 
  The sampling sites were located as described in section 4.2.1 and a length of 15 mm diameter 
rope was used to circumscribe a plot around the central post of the sampling site.  The plot was 5 m in 
diameter and hence covered an area of 19.62 m2 .   Ten plots were examined in each community giving 
100 quadrats for each sampling period which were conducted in July (7-21, 1997), December (8-22, 
1997) and February-March (16-2, 1998). 
  Trees were considered to be within the plot if their branches overhung the circle and that portion 
overhanging the circle was estimated for cover.  Border plants which touched the rope were only 
counted if more than 50% of their surface biomass were estimated to be within the plot. 
  Plants defined as being within each plot were identified and a cover value was assigned to each 
species. Previous sampling work (1990-1991) in the Coranderrk Reserve had been conducted by the 
author and plant material was collected for a microscopic herbarium (see Chapter 6) so considerable 
expertise in plant identification had  been acquired.  However, if the identification of  a plant was 
uncertain, then it was collected and retained for later examination and comparison with a reference 
herbarium (Victorian Flora Database 1996).  A list of the names of the vascular plants occurring in every 
plot was then assembled.  Mosses and lichens were estimated as a single group.  Bare ground was 
similarly quantified.   
  Cover estimations were assigned according to a modified Domin scale (Mueller-Dumbois and 
Ellengerg 1974).  The scale was converted into an arithmetic scale in order to make comparisons 
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mathematically possible with 10 categories, each representing an increase of 10% in the cover. The scale 
is described in Table  4.2.2.1. 
 
 Table 4.2.2.1.  Modified Domin Scale Used to Estimate Cover/Abundance 
 (After Kershaw and Looney 1985). 
Domin Scale Percentage Cover 
1 0 - 10 
2 11 - 20 
3 21 - 30 
4 31 - 40 
5 41 - 50 
6 51 - 60 
7 61 - 70 
8 71 - 80 
9 81 - 90 
10 91 - 100 
   
               
  From these measurements it was possible to accumulate a list of the plants available for 
herbivory, their abundance in terms of frequency of occurrence (as a % of plots in which the species was 
found) as well as cover. 
  Special care was taken to minimise damage by trampling to the plants being assessed as the same 
plots were to be used on three occasions.  This was facilitated, wherever possible by identifying plants 
and assessing their cover from outside the edges of the plot. 
 
4.2.3.  Biomass 
 Destructive sampling strategies are the most accurate means of estimating plant biomass (Jones 
and Hargreaves 1979).  However, this technique is not always appropriate because of aesthetic, 
conservation or species-specific reasons, so visual estimation methods need to be used.  These latter 
methods usually underestimate the biomass (Haydock and Shaw 1975; Short 1986).  In this study, 
destructive sampling was performed on three occasions.  The biomass of vegetation physically available 
for herbivory was directly measured by harvesting the material manually and then weighing it after oven 
drying to constant mass.  The effect of this harvesting upon herbivory and resource use by the animals 
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being studied was considered to be negligible because of the small area (0.017%) so treated in 
comparison with the total area available.   
 A performance curve pilot experiment for biomass indicated that some communities in the 
Coranderrk Reserve were more homogeneous than others.  This meant that similar confidence limits 
could be obtained for this measurement using different sample sizes in the different communities.  For the 
most heterogeneous community 25 quadrats were required to produce a standard error of 10% of the 
mean.  An equal sampling size strategy was applied to the whole Coranderrk Reserve for the sake of 
consistency and to improve confidence limits.  Hence 25 quadrats from five sampling sites were 
harvested in each community. 
 At each sampling site five compass bearings were randomly selected and a rope was extended 
from the centrally located stake for a distance of 13 metres along these bearings.  A 2.5 X 0.5 cm 
section aluminium frame of 1 m square was then laid alongside the edge of the rope at the 9 m (July), 11 
m (December) or 13 m (February) mark and placed over the vegetation.  Since three destructive 
samples were collected, it was not advisable to sample the same quadrats continuously.  Previous 
harvests may have resulted in accelerated growth from some species and decreased or absent growth on 
the part of others. Tossing a coin determined which side of the rope was used as the edge of the quadrat.   
 All living plant biomass available for herbivory was then harvested from the ground, shrub and 
tree compartments up to a height of 3 m which was considered to be a height beyond which the 
macropodids would not be able to reach.  In a study, which was previously conducted, of the effects of 
Black Wallaby browsing on the growth characteristics of Coprosma quadrifida (not reported in this 
thesis), it was seen that these plants escaped such browsing pressure if their branches exceeded 1.7 m in 
height and the growth above this height appeared luxuriant and browse-damage free.  Eastern Grey 
Kangaroos were observed to eat Eucalyptus spp.  leaves, especially in the Eucalyptus plantation (KP) 
community.  Observations of the leaves and branches of these trees indicated that Eastern Grey 
Kangaroos did not reach above a height of 2.5 m.  From these observations it was assumed that only 
vegetation below 3 m in height would need to be sampled, although it was recognised that vegetation 
above this height could become available for herbivory in the case of windfall.   
 Plants that were located under or over the frame were included if they touched the top or right 
hand edges of the frame as seen from the central stake of the sampling site.  Those located at the bottom 
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or left hand edges were ignored.   Harvesting was done with hedge clippers, a tree saw and secateurs.  
The vegetation was placed in labelled plastic bags and separate collections were made of graminoids, 
herbs and shrubs. 
Plants were classified according to the following criteria: 
· Graminoids: monocotyledonous plants with parallel veined leaves located on the floor stratum.  Species 
commonly included in this category were from the genera Poa, Gahnia, Phragmites, Juncus, 
Microlaena and Anthoxanthum . 
· Herbs: dicotyledonous non-woody plants with net veined leaves.  Also included in this category were 
mosses and ferns.  Common species included were from the genera Pteridium, Hypochoeris, 
Cynoglossum, Senecio, Rubus, Acaena, Galium, Centaurium and Drosera and the family Violaceae 
· Shrubs: woody plants in and emerging above the herbs and grasses comprised most of the biomass in this 
group.  The leaves and branches of trees were also included in this category.  Species commonly 
included here were from the genera Kunzea, Cassinia, Coprosma, Bursaria, Acacia  and Eucalyptus. 
 The number of quadrats harvested was 25 from each community, making a total of 250.  There 
were usually three collections at each quadrat (graminoids, herbs and shrubs) resulting in 750 bags of 
plant material that were transported to the laboratory the same day, spread out on benches and opened.  
The open bags with their contents were then dried at 40-45 0C until constant weight was achieved.  This 
required drying for 24 - 96 hrs, depending upon the moisture content and the size of the sample. 
 The mass of the plastic bag and its markings was constant and subtracted from the total weight of 
the bag plus its contents.  It was not possible to complete the drying and weighing of all of the 750 
samples in less than 10 days.  This meant that some samples were left on the benches, drying at room 
temperature (up to 9 days) before entering the oven.  The laboratory was air conditioned and it was 
noted that plants left on the benches began to dry out without experiencing decomposition. 
 Field collections and biomass estimations were conducted on three occasions during the year: 
· Low Biomass Time.  During winter plant productivity decreases and this results in low biomass.  At 
this time the impacts of population pressure on the vegetation structure and the sharing of food and 
habitat resources should be most apparent.  This  biomass investigation was conducted from 7-11 July, 
1997. 
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· High Biomass Time.  After the spring rain, accompanying increases in sunlight and temperature cause 
the growth of annual and perennial species to reach a maximum.  This presents a window of high biomass 
opportunity to the macropodids with maximum plant diversity offering the greatest dietary choices.  It 
was thought that to perform a biomass estimation at this time would provide a contrast to the previous 
sampling and would indicate the importance of biomass material in the choice of habitat and diet.  This 
biomass estimation was conducted from 8 -12 December, 1997. 
· Drying-off Time.  After spring/summer growth the grass and herb layer begins to dry off.  At this time 
the quality of the fodder decreases and although there is still a relatively high quantity of biomass it is 
possible that macropodids may become more selective in their habitat choice and dietary preferences at 
this time because fodder digestibility may decline.  This estimation was conducted from 16-20 February 
1998. 
 
 
4.3.  Results and Discussion 
4.3.1.  Cover and Abundance  
 The mean results for this section are given in tables (Tables 4.3.1.1 - 4.3.1.10) which describe 
the vegetative structure by community. 
 Since the purpose of collecting these data was to apply them to diet and habitat selection 
calculations, they needed to represent a quantitative measure of plant abundance in the field at the same 
time as it was assessed in the faeces of the macropodids.  Hence a single species list is presented for 
each community.  Each species has a mean cover value as given by its Domin score and a frequency of 
occurrence percentage representing the proportion of plots in which that species was found averaged 
over the plots sampled at each sampling period.  The mean cover and frequency value over the whole  
time period is also given. 
 The lists are divided into groups of plants defined by their growth characteristics (grasses, other 
graminoids, herbs, orchids and lilies, shrubs, ferns and mosses, and trees).  A cover estimate is also given 
for bare ground as represented by a surface which had no living vegetative cover.  Species which are 
asterisked (*) are exotic species. 
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 The Badger Creek Floodplain (EA). 
 This community is based on organically rich soils forming the floodplain of the Badger Creek.  
The ground is well drained and the community is classified as an Open Forest (McMahon and Carr 
1990). 
 Table 4.3.1.1. indicates the open nature of this community which is interspersed with tall E. 
viminalis specimens and few shrubs (Coprosma quadrifida and Helichrysum dendroideum).  The 
ground layer is therefore dense, grassy and herbaceous. Anthoxanthum odoratum* and Holcus 
lanatus*, both exotic species, dominate the ground stratum (frequency of 100%).  This floodplain 
community was utilised for domestic grazing during the Aborigines’ Welfare Board’s tenancy and this 
activity has established a vegetation structure which may be maintained or promoted by macropodid 
foraging (McMahon and Carr 1991). 
 
The Piccaninny Swamp Drainage Line (CL). 
 All of the sampling sites for this community were located in the drainage line below Piccaninny 
Swamp.  The soil base for this community is alluvially derived and many portions are permanently wet.  
The community has a dense herb and shrub layer and is referred to as a “closed shrubland” by 
McMahon and Carr (1990).   
 Table 4.3.1.2. reveals the dominance by Cynoglossum latifolium  on the ground (frequency of 
90% and mean cover of 3.8).  It is considered an environmental weed even though it is an indigenous 
species (McMahon and Carr 1990).  The grasses consist largely of Holcus lanatus* and 
Anthoxanthum odoratum*, both exotic species, with Festuca hookeriana and M. stipoides being the 
competing indigenous species.  The presence of Senecio species appeared to be encouraged by its lack 
of palatability for herbivores and the July collection discovered large intact seed stores in the previous 
season’s flower heads.  It was a widespread species (frequency of 70% and mean cover of 4.0)   
 In the drier regions E. ovata replaced E. camphora and the ground layer ceased to be 
dominated by Cynoglossum latifolium.  There was some evidence of dieback by eucalypts. 
 
The Candlebark/ Narrow-leaved Peppermint Woodland (ER). 
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 This community represents that part of the Coranderrk Reserve which was managed most 
intensively for agricultural purposes prior to Zoological Board control.  Areas exist where partial clearing 
had occurred and the grazing of domestic stock occurred in these areas.  Regeneration of eucalypts has 
not occurred in these previously cleared areas and they are dominated by Acacia  species and shrub 
growth.   
 The soils are loam based and drainage is variable.  The canopy is provided by E. rubida and E. 
radiata although the cover is not homogeneous throughout the community. 
 There is considerable infestation by Rubus procerus* (frequency of 90%) and Acacias appear 
to be suffering from dieback.  The shrub layer is dominated by Kunzea ericoides. 
 Microlaena stipoides, Poa species and Themeda australis form a grassy stratum in some sites, 
but those with a history of clearing are dominated by the exotics, Anthoxanthum odoratum* and 
Holcus lanatus*.   
 
The Badger Creek Riparian Zone (EG). 
 This community follows the course of the Badger Creek and is hence a linear community along 
the east-west axis of the Coranderrk Reserve.  There is a dense layer of canopy cover provided by E.  
viminalis  (found in 80% of sites) with small trees and shrubs forming an intermediate stratum (see Table 
4.3.1.4.).  The soils are alluvially based and moist.  Culcita dubia (frequency of 90% and mean cover of 
4.9) dominates the ground layer. 
 
The Red Stringybark / Narrow-leaved Peppermint Woodland (EM). 
 This community occupies the driest sites of the Coranderrk Reserve with mostly northerly 
aspects and well drained soils.  It may be described as an open woodland.   It is characterised by a 
grassy ground stratum and dominant E. radiata (found in all sites).  There are significant areas of bare 
ground (mean cover of 4.7).  The community is the most widespread of the E. radiata alliances (see 
Table 3.3.1.2.) but generates less biomass than the others. 
 The lack of Eucalyptus and Acacia spp.  recruitment can be seen by the almost complete 
absence of saplings and seedlings throughout the community.   
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 The weed species A. odoratum* is not well established in this community and is instead replaced 
by native Poa spp., Chionochloa pallida. and Microlaena stipoides. which together account for a 
cover of 9.0 (see Table 4.3.1.5.).   Extensive weed invasions of Hypochoeris radicata* (93% 
frequency) and to a lesser extent Oxalis exilis (33% frequency) are evident.  The indigenous species 
Kunzea ericoides is widespread and it can be seen to be invading several sites.  Gahnia radula, a 
siliceous graminoid is common throughout.   
 
The Scentbark / Narrow-leaved Peppermint Woodland (EV). 
 This community consists of Open Forest (McMahon and Carr 1990) and is located on northern 
slopes at lower altitudes.  It is an intermediate community existing between the moist drainage lines and 
the hillier E. radiata dominated communities.  There is an absence of tree recruitment within the 
community,  which may be due to heavy browsing pressure or the absence of fire. 
 Table 4.3.1.6. reveals the presence of Gahnia radula and Lomandra longifolia, as dominating 
the lower layers. These species tend to exclude the grasses which consist largely of Microlaena 
stipoides and Poa spp. Kunzea ericoides dominates the shrub layer (90% frequency). 
 Hypochoeris radicata* is a well established weed species and Anthoxanthum odoratum* is 
not prevalent. 
 
The Messmate Woodland (EX). 
 The southern slopes of well drained hillsides provide silty clays for this community.  The soil is 
able to retain moisture and this is reflected by the dominance of sedges in the ground layer.   
 The community is located in two separate situations: along the Albert Rd. boundary and there is a 
small component along the Dalry Rd fence.  The Albert Rd. boundary complex is bisected by a vehicular 
track (see Fig 3.3.1.1).   
 McMahon and Carr (1990) consider this community as an Open Forest. 
 Table 4.3.1.7. indicates that the community is species rich with 46 different species having been 
identified.  Several shrub species reveal browse marks and substantial reduction in biomass presumably 
due to the herbivory of macropodids (Bursaria spinosa var. spinosa and Coprosma quadrifida).   
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 Anthoxanthum odoratum* and other Poa spp. are dominant grasses in the community.  
Gahnia radula   and Lomandra spp. are seen in the moister sites.  Hypochoeris radicata* is a 
ubiquitous (100% frequency) weed species and can be seen to have been browsed. 
 
The Messmate / Narrow-leaved Peppermint Woodland (EO). 
 This small community is circumscribed by tracks and has been accordingly affected by slashing 
and clearing at its margins.  The soils are dry and clay based.  Drainage appears to be good.  The 
community is an open forest. 
 Although a prescribed burn was conducted in 1987 in this area there was little evidence of 
Eucalyptus spp. recruitment in the shrub layer. 
 As indicated in Table 4.3.1.8., the community was floristically rich (49 species) and this richness 
was derived from the shrub and herb layer. 
 
The Lake Coranderrk Fire-affected Drainage Line (CLB). 
 This community forms the drainage line below Lake Coranderrk and has therefore altered since 
the lake’s construction because of induced hydrological changes.  The community underwent a 
prescribed burn in March 1997 which was three months prior to the first collection.  During the first 
collection in July 1997, little regeneration had occurred, however in December the growth of Phragmites 
australis had been substantial, so much so, that some of the quadrats had become almost impenetrable 
for humans and macropodids.  It was thought that the regenerating plants may have provided pick for 
macropodids in the spring and summer, but the physical difficulty of entering the community may have 
militated against this.   
 Table 4.3.1.9. shows that in comparison to the other drainage line community (Table 4.3.1.2.) 
which was not burnt (CL the E. camphora alliance in the drainage line of Piccaninny swamp), the 
abundance and frequency of occurrence of the dominant Eucalyptus spp. was significantly reduced 
(frequency of 20% here).   
 
The Eucalypt Plantation (KP). 
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 This community is highly managed and maintained.  Table 4.3.1.10 shows that it is dominated by 
grassy swards of exotic species (Holcus lanatus* and Anthoxanthum odoratum*). This community is 
commonly used by Eastern Grey Kangaroos and Black Wallabies.  The mean height of the coppiced 
trees is approximately 2 metres and their canopies are sparse (mean cover of 3.3 and 2.2 for the two 
tree species present).  As a result the ground layer receives most of the incipient precipitation and 
sunlight. 
 This community is referred to as a plantation and was included in the study because of the heavy 
grazing pressure exerted upon it by macropodids. 
 
4.3.2. Biomass 
 The measurement of biomass of the major structural components of the Coranderrk Reserve 
vegetation (graminoids, herbs and shrubs) was performed so that correlations between changes in 
biomass (increases or decreases) and the utilisation of particular communities or the consumption of 
particular classes of plants could be investigated.  The emphasis in this section is therefore to examine the 
fluctuations that occurred in biomass over the time of the experiment and the differences that may have 
existed between communities. 
 
4.3.2.1. July Biomass 
 Total mean vegetation biomass available for herbivory throughout the Coranderrk Reserve in July 
is shown in Table 4.3.2.1.  The July biomass figures show that all of the communities are dominated by 
the graminoid compartment except for EG (the Badger Creek riparian zone), which had a substantial 
shrub component (Table 4.3.2.1).   The component containing the least biomass was the herb layer, as 
would be expected since herbaceous vascular plants are more likely to contribute during the spring and 
summer periods.  The graminoid compartment included sedges and rushes and these were the major 
contributors to biomass at this time. 
 The drainage line community (CLB) demonstrated low biomass in all compartments because of 
the prescribed fire that had removed most of the vegetation in the previous March.  Regeneration of these 
fire-affected species had not occurred to any great extent during the late autumn period leading up to the 
July harvest. 
     86 
 The communities showing the largest biomass of graminoids were EA (Badger Creek floodplain), 
KP (Eucalypt plantation), EO (Messmate/Narrow-leaved Peppermint community) and EV (Scentbark 
Messmate/Narrow-leaved Peppermint community).  In the case of EA and KP the graminoid stratum 
was dominated by Poa spp. and Microlaena stipoides (see table 4.3.1.1 and 4.3.1.10).  This would be 
considered as ideal Eastern Grey Kangaroo habitat because of the open nature of the forest structure 
(deficient shrub layer: mean biomass of shrubs represents 5.0% of the total)) and the ample supply of soft 
grasses (87.3% of total biomass).  Even though, two other communities (EO and EV) had high graminoid 
biomass, this was due to the dominance of rushes and sedges (see table 4.3.1.8 and 4.3.1.6), which, 
being more siliceous may not have been as palatable to macropodids.    
 The Badger Creek riparian zone (EG) had very low graminoid biomass, presumably because the 
floor was covered in dense shade and this restricted photosynthesis by ground covering plants.   
 The drier sites (EM, the Red Stringybark/Narrow-leaved Peppermint community and EX, the 
Messmate woodland) also displayed low graminoid biomass.  Cover estimations (Table 4.3.1.5) reveal 
that a significant proportion of the floor was covered with bare ground.  The dryness of the site and its 
topography, which would encourage rapid water run-off helps to explain the lack of shrub and herb 
biomass.  It may be that these communities are unattractive for Eastern Grey Kangaroos, at least in terms 
of their foraging activities (EM contains 42% and EX 46% of the mean grass biomass found throughout 
the Coranderrk Reserve in July). 
 In terms of resource use, the traditional view of Eastern Grey Kangaroos as grazers and Black 
Wallabies as browsers (Sanson 1989), would see the communities of the Coranderrk Reserve as being 
suitable habitat for both species.  Appropriate food compartments were available to some extent in all 
areas even in July.  There were some sites with substantial herb and shrub components (EG and CL: the 
wet drainage line sites).  CL significantly exceeded the mean herb cover seen throughout the Reserve in 
July (356%).  Not only would this community have provided the browse necessary for macropodid 
forage,  but also, the cover sought out by macropodids in their daily behaviours (Waters 1985; Troy and 
Coulson 1993) . 
  
Table 4.3.2.1.  July Plant Compartment Biomass in the Coranderrk Reserve.   
  Mean Biomass and Standard Error (g / 5 m2) 
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 Graminoids Herbs Shrubs Total 
Community Mean SE Mean SE Mean SE Mean SE 
EM 200.25 6.96 31.21  1.96 29.02 3.10 260.48 7.57 
KP 714.88 66.37 66.48 12.67 65.14 20.29 846.50 70.91 
CLB 84.17 10.52 19.16 3.86 1.32 0.46 104.65 13.70 
EX 217.52 41.25 48.41 4.90 109.97 22.02 375.90 62.88 
CL 401.04 66.94 203.26 60.55 116.66 33.92 720.96 42.86 
EV 706.10 67.72 2.01 0.19 13.61 3.51 721.72 65.66 
EG 344.89 33.29 62.49 17.46 354.60 34.90 761.98 41.87 
EA 805.78 71.81 69.96 3.67 22.28 9.54 893.03 70.11 
ER 569.92 88.58 40.80 9.33 131.14 26.65 741.86 65.84 
EO 709.22 71.51 27.54 3.29 38.13 12.17 774.89 75.65 
Total 4753.77 524.95 571.32 117.88 881.87 166.56 6201.97 517.05 
Mean 475.38 52.50 57.13 11.79 88.19 16.66 620.20 51.71 
Five sampling sites were used to collect vegetation in each community.  At each sampling site five 
quadrats of 1 m2 were harvested in each vegetation stratum.  The data given are the means and the 
standard errors of the mean. 
(EA): Badger Creek Floodplain. (CL): Piccaninny Swamp Drainage Line. (ER): Candlebark/Narrow-
leaf Peppermint Woodland. (EG): Badger Creek Riparian Zone. (EM): Red Stringybark / Narrow-leaf 
Peppermint Woodland. (EV): Scentbark/Narrow-leaf Peppermint Woodland. (EX): Messmate 
Woodland. (EO): Messmate/Narrow-leaf Peppermint Woodland. (CLB): Lake Coranderrk Fire-
affected Drainage Line. (KP): Eucalypt Plantation. 
 
              
  
 There was some variation in the standard errors observed when biomass measurements are 
compared across compartments and across communities.  For example, the measurement of graminoid 
biomass in EM (the Red Stringybark/Narrow-leaved Peppermint community) incurred a coefficient of 
variation (CV) of 3.4%, whereas the same measurement in CLB (Lake Coranderrk fire-affected 
drainage line) resulted in a CV of 12.5% of the mean.  These variations reflected the degree of 
homogeneity of the various communities.  In this case, EM was a homogeneous community with sampling 
sites being good replicates of each other.  In the case of CLB, the effect of the fire ranged from total 
biomass reduction in some areas to only mild decreases of biomass in others. 
     88 
 Similarly when standard errors were compared between compartments in the same community, 
differences are evident.  In EV (Scentbark/Narrow-leaved Peppermint community) the graminoid 
biomass had a CV of 9.6%, the herb layer  9.4% and the shrub layer 25.7%.  The graminoids and 
shrubs showed consistency but there was substantial variation in the shrub layer.  This occurred because 
quadrats usually contained no shrubs.  In the few instances that they did, then the shrub component was 
large.  On the other hand, herbs and grasses were found in all plots and the measured biomass of these 
compartments was therefore more consistent. 
 
4.3.2.2.  December Biomass 
 Total vegetation biomass available for herbivory throughout the Coranderrk Reserve in 
December is shown in Table 4.3.2.2.  At this time of the year growth of both annual and perennial herbs 
and soft grasses was at a peak.  It is the season when both graze and browse was maximally available. 
 If Tables 4.3.2.1. and 4.3.3.2. are compared using a one-way ANOVA analysis of variance a 
significant (F 2,10 = 4.10, p < 0.05) increase in graminoid and herb biomass in all communities can be 
seen from July to December (see Fig 4.3.2.1.).  In the shrub compartment significant (F 5,5 = 5.05, p < 
0.05) decreases were observed in the E. radiata based communities (see Fig.  4.3.2.3.).  It is possible 
that in these sites the growth of shrubs occurred in the late autumn, however it may also be that the 
browsing pressure on shrubs exerted by macropodids exceeded the productivity of the plants. 
 
Table 4.3.2.2.  December Plant Compartment Biomass in the Coranderrk Reserve. 
 Mean Biomass and Standard Error (g / 5 m2) 
     
 Graminoids Herbs Shrubs Total 
Community Mean SE Mean SE Mean SE Mean SE 
EM 232.11 6.24 35.07  1.13 34.44 2.80 301.62 5.68 
KP 1120.80 66.37 85.87 7.18 66.06 29.90 1272.72 101.69 
CLB 810.08 54.66 131.60 5.98 40.20 6.84 981.89 57.48 
EX 284.16 40.65 103.53 37.41 97.12 6.11 484.82 71.18 
CL 516.16 57.56 271.83 45.78 134.14 17.48 922.13 34.11 
EV 771.28 18.99 27.07 2.74 14.40 5.84 812.75 19.71 
EG 511.88 42.33 378.53 45.81 362.85 37.68 1253.26 65.21 
EA 862.52 30.13 70.26 2.10 20.71 5.60 953.48 34.61 
ER 745.46 49.62 46.80 7.27 128.46 28.12 920.72 63.29 
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EO 786.51 89.95 30.38 2.08 32.80 4.18 849.69 87.85 
Total 6640.96 460.95 1180.94 157.48 931.18 144.55 8753.08 540.81 
Mean 664.10 46.10 118.09 15.75 93.12 14.45 875.31 54.08 
Five sampling sites were used to collect vegetation.  At each sampling site five quadrats of 1 m2  were 
harvested in each vegetation stratum.  The data given are the means and the standard errors of the mean. 
(EA): Badger Creek Floodplain. (CL): Piccaninny Swamp Drainage Line. (ER): Candlebark/Narrow-leaf 
Peppermint Woodland. (EG): Badger Creek Riparian Zone. (EM): Red Stringybark / Narrow-leaf 
Peppermint Woodland. (EV): Scentbark/Narrow-leaf Peppermint Woodland. (EX): Messmate 
Woodland. (EO): Messmate/Narrow-leaf Peppermint Woodland. (CLB): Lake Coranderrk Fire-
affected Drainage Line. (KP): Eucalypt Plantation. 
 
              
 
 The CLB (Lake Coranderrk fire-affected drainage line) community showed a 862% increase in 
grass biomass and a 586% increase in the herb biomass from July to December.  This probably reflected 
the regenerative activities of the vegetation at the forest floor level which follows a fire.  In other 
communities and compartments the changes were not so large.    
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Fig. 4.3.2.1. Changes in Graminoid Biomass in 
Each Community Between Sampling Periods
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The data were obtained by subtracting the mean biomass of graminoids harvested from each community 
in July, December and February. 
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 In terms of productivity, graminoid biomass accumulation was highest in the CLB (Lake 
Coranderrk Fire-affected Drainage Line) and KP (Eucalypt plantation) communities.  Both of these 
communities were highly managed systems that produced large quantities of graze fodder because of fire 
and agricultural practices respectively. The majority of new graminoid biomass in CLB consisted of 
regenerating Phragmites australis (Section 4.2.3.), a species which, may not necessarily be a palatable 
food source for grazing macropodids.  
 In KP (Eucalypt plantation) soft grasses dominated the graze biomass which appeared during the 
spring and were measured in December.  In this community, trees and grasses dominated.  Since the 
trees are coppiced, much of this community’s incident solar radiation reached the grass compartment 
with a resultant increase in photosynthesis. 
 The expansive grassy stratum communities (ER and EX) which have a history of previous 
domestic animal grazing land use showed significant (F 5,5 = 5.05, p < 0.05) increases in grass biomass 
(30.8 and 30.6% representing approximately 40 g/m2) respectively which was larger than the other 
Eucalyptus spp. based sites (EA 7.0%, EO 10.9%, EV 9.2%). Grazing by domestic animals could 
establish a deficient shrub layer and favour the growth of grasses, which is also perpetuated by 
macropodids and may account for this observation (McMahon and Carr 1991).  Additionally herbivory 
may result in the browsing of seedlings and the selection of unpalatable species (Brown 1987; Wilson 
1990).   
 The Badger Creek riparian zone (EG) exhibited an increase in graminoid biomass (48.4%) from 
July to December, which reflected a small absolute increase because of a low July base.  Hence, although 
there was a significant increase in riparian graminoid biomass, there was less available for herbivory there 
than in the Badger Creek floodplain communities (see Fig 4.3.2.1.). 
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Fig. 4.3.2.2. Changes in Herb Biomass in Each 
Community Between Sampling Periods
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The data were obtained by subtracting the mean biomass of herbs harvested from each community in 
July, December and February.  
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 Herb biomass in the Badger Creek riparian zone (EG) was substantial (32% of all available 
riparian vegetation) in December (see Table 4.3.2.2).  The alluvial origins and moisture content of  soils 
of this community were conducive to the most abundant growth in this compartment and appeared to be 
largely due to the cover contributed by ferns (see Table 4.3.1.4.).  The riparian zone (EG) also showed a 
significant (F 5,5 = 5.05, p < 0.05) decrease in shrub biomass from July to February with most of the 
loss occurring over the summer (see Table 4.3.2.3). Shrubs such as R. procerus and Olearia spp. in this 
area had been heavily browsed and damaged by Emus (Dromaeus novae-hollandiae) and Sulphur-
crested Cockatoos (Cacatua galerita).   
 The Red Stringybark/Peppermint alliance (EM) showed no significant (p > 0.05) increases in 
herb or graminoid biomass in December.  The available ground cover in this community in July consisted 
of herbs (18.4 Domin score) and bare ground (5.1 Domin score) (see Table 4.3.1.5.) and this bare 
ground persisted through all seasons.  Shrubs were absent. 
   
4.3.2.3.  February Biomass 
 Total vegetation biomass available for herbivory throughout the Coranderrk Reserve in February 
is shown in Table 4.3.2.3.  The rainfall at the Coranderrk Reserve during the Spring and Summer of 
1997/1998 was below average (see Chapter 3, Section 3.2.4.) and although there was sufficient ground 
moisture to allow for a spring growth this was probably not continued through summer. 
 From December to February there was a significant (F 5,10 = 3.33, p < 0.05) decrease in 
biomass in most compartments and communities (see Figs 4.3.2.1., 4.3.2.2 and 4.3.2.3) except for the 
herb layer in the Badger Creek floodplain (EA).  These decreases could be caused by annual vegetation 
drying off and then decomposing.  This plant matter would germinate in early spring and then reach 
maturity in summer. Lack of rainfall and decreasing soil moisture in the late summer may have also 
contributed to a decrease in productivity (see Tables 4.3.2.1 - 3).  
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Fig. 4.3.2.3. Changes in Shrub Biomass in Each 
Community Between Sampling Periods
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The data were obtained by subtracting the mean biomass of shrubs harvested from each community in 
July 97, December 97 and February 98.  
 Despite this decrease in biomass the available fodder for herbivory was still higher than that 
measured in July (see Fig. 4.3.2.1).  Although a further measurement was not conducted in July 1998, it 
is likely that biomass would have continued to decrease from February until the Autumn break.  Autumn 
rains may have prompted an increase in plant biomass which could have been followed by a herbivory 
and seasonally induced decrease as the winter developed.   
 
Table 4.3.2.3.  February 98 Plant Compartment Mean Biomass in the Coranderrk Reserve. 
 Mean Biomass and Standard Error (g / 5 m2) 
     
 Graminoids Herbs Shrubs Total 
Community Mean SE Mean SE Mean SE Mean SE 
EM 226.20 12.47 29.14  1.24 28.37 2.27 283.72 13.39 
KP 869.73 31.93 77.85 4.37 64.73 5.59 1012.31 25.12 
CLB 627.89 46.10 99.87 6.36 36.70 6.01 764.46 51.71 
EX 223.84 12.41 95.00 6.53 89.53 8.52 408.37 11.63 
CL 502.54 47.82 183.09 10.58 98.12 9.34 783.75 20.76 
EV 744.38 11.89 17.27 0.98 14.22 0.38 775.87 12.51 
EG 380.01 36.70 281.45 9.21 258.06 25.84 919.53 53.05 
EA 776.27 28.83 77.02 3.79 25.34 3.22 878.63 33.24 
ER 666.53 22.30 37.43 0.93 122.58 1.67 826.54 23.92 
EO 750.53 18.34 26.38 0.75 29.62 0.86 806.51 18.15 
Total 5767.92 268.95 924.50 44.74 767.27 63.70 7459.69 263.48 
Mean 576.79 26.89 92.45 4.47 76.73 6.37 745.97 26.35 
 
Five sampling sites were used to collect vegetation.  At each sampling site five quadrats of 1m2 were 
harvested in each vegetation stratum.  The data given are the means and the standard errors of the mean. 
(EA): Badger Creek Floodplain. (CL): Piccaninny Swamp Drainage Line. (ER): Candlebark/Narrow-
leaf Peppermint Woodland. (EG): Badger Creek Riparian Zone. (EM): Red Stringybark / Narrow-leaf 
Peppermint Woodland. (EV): Scentbark/Narrow-leaf Peppermint Woodland. (EX): Messmate 
Woodland. (EO): Messmate/Narrow-leaf Peppermint Woodland. (CLB): Lake Coranderrk Fire-
affected Drainage Line. (KP): Eucalypt Plantation. 
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4.4. Discussion 
 The vegetation of the Coranderrk Reserve represents an heterogeneous mosaic of communities.  
These communities provide resources for macropodids and the extent to which they are capable of 
supporting macropodid populations will be, at least partially a function of this vegetation structure. 
 The degree of change imposed on these communities by the absence of traditional management 
practices and by the advent of European agriculture may have resulted in considerable variation from one 
community to another.  Communities based on fertile soils were planted with introduced grasses for 
grazing by domestic animals (Coranderrk Committee of Management 1978). These alterations appear to 
have persisted despite the absence of domestic stock for at least 40 years and are characterised by the 
persistent dominance of the ground layer by exotic grasses and herbs with the absence of tree and shrub 
seedlings.  It is possible that macropodid herbivory has perpetuated the changes induced by these early 
agricultural practices. 
 Exotic plant species are prevalent.  Macropodid herbivory may assist in the promulgation of 
some of these species and may concomitantly cause a deterioration in the diversity of native species. 
 There have also been significant alterations in vegetation structure because of earth-works 
involving the construction of Lake Coranderrk and Piccaninny Swamp.  The embankments which 
impound these water bodies have prevented the normal course of water flow and altered the water 
content of the soils.  This is reflected in the vegetation structure found in these areas. 
 Prescribed burning has occurred intermittently at times of the year (spring and autumn) when hot 
canopy fires cannot be sustained.  These have been cool fuel-reduction burns which have failed to release 
seeds from woody fruits. The most recent burn (March 1998) along the Lake Coranderrk drainage line 
culminated in a dense regrowth of Phragmites australis without any evidence of tree seedling 
germination. 
 The selection of forage by macropodids and their utilisation of the various Coranderrk Reserve 
communities will be examined later in this thesis.  The data presented in this chapter will be related to 
these findings with the purpose of establishing the degree of resource use demonstrated by Eastern Grey 
Kangaroos and Black Wallabies in the various Coranderrk Reserve communities. 
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4.5.  Conclusion 
 The floristic structure of the Reserve was assessed in July and December 1997 and February 
1998.  The communities were classified according to their dominant canopy layer species and their 
management regimes.  Each was assessed for cover and abundance of all plant species.  Plant biomass 
was measured in terms of the graminoid, herb, shrub and tree compartments available for herbivory on 
the part of macropodids. 
 The Coranderrk Reserve has been shown to consist of an heterogeneous mosaic of eucalypt 
dominated woodlands and forests.  It is described as a set of communities which are relatively grass and 
herb rich, but have poorly developed shrub layers compared to other remnant reserves in the Yarra 
Valley (McMahon and Carr 1989; McMahon et al 1989) . 
 The following chapter examines the spatial utilisation of these communities by macropodids. 
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CHAPTER FIVE 
 
COMMUNITY SELECTION AND HABITAT USE BY MACROPODIDS IN THE 
CORANDERRK RESERVE 
Abstract 
 Spatial niche selection and utilisation of the various communities by the Eastern Grey Kangaroo 
and Black Wallaby were measured by assessing the distribution of faecal pellets in the Coranderrk 
Reserve.  Sampling sites in ten communities were examined in July, December and February (1997-
1998). 
 Significant temporal and species differences occurred in pellet deposition.  Faecal pellet density 
adjusted for defaecation rates and macropodid populations were used to compare habitat selection.  
Faecal pellets, groups and biomass gave similar results. 
 Spatial resource use by Eastern Grey Kangaroos and Black Wallabies showed significant 
variation from one community and season to another.  Although both macropodid species were found in 
every community, considerable overlap in community utilisation was demonstrated in some areas but, in 
others there was separation.  As well, the two species shared communities in winter to a significantly 
greater extent than in other seasons. 
 Eastern Grey Kangaroos selected communities which had a grassy ground stratum and a 
corresponding high grass biomass.  Black Wallabies utilised all of the communities but were consistently 
more abundant in communities characterised by dense understorey cover.  At all times of the year Eastern 
Grey Kangaroos did not utilise those drier alliances dominated by E. radiata. 
 Black Wallabies were distributed throughout the Coranderrk Reserve in a more homogeneous 
manner than Eastern Grey Kangaroos throughout the sampling period. They are capable of utilising a 
wider range of habitat than Eastern Grey Kangaroos and the two species are therefore involved in 
fluctuating habitat resource use.  Partitioning of habitat utilisation becomes more evident in periods when 
plant biomass is high and overlap predominates during periods of low plant productivity.  
 
5.1.  Introduction 
 The utilisation of habitat and its estimation have been discussed in Chapter 2 (section 2.3).  
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Relative spatial resource use by the Eastern Grey Kangaroo and the Black Wallaby is an important 
component of the ecological relationship that exists between the two species.  In addition, the vegetation 
damage being ascribed to macropodid herbivory may not be equally attributable to both species 
(McMahon and Carr 1991).  An understanding of the communities in the Coranderrk Reserve which are 
utilised by the macropodid species will be useful knowledge upon which to formulate management 
strategies affecting macropodid populations. 
 The size of macropodid home ranges may fluctuate with the amount of available forage and the 
degree of intra- and inter-specific competition.  This is evident when the reported home ranges are 
compared from one area to another (Norbury et al 1994) and may be related to available forage 
biomass and stocking rates.  This is important when distribution of the two macropodid species over the 
whole of the Coranderrk Reserve is measured.  Although unlikely, it is possible that the resident 
macropodid populations may not be of sufficient size to occupy all available home ranges leaving some 
communities under-utilised or completely unpopulated.  The distribution of pellets will reflect the choice 
of home range under these circumstances (Hill 1978; Taylor 1980). 
 The distribution of Eastern Grey Kangaroo and Black Wallaby faecal pellets can be used to 
indicate the relative time periods spent in the various communities of the Coranderrk Reserve by the 
macropodids.  Faecal pellet density will over-estimate feeding sites (see Section 2.3), because 
macropodids tend to defaecate whilst feeding at a greater rate than while sheltering or resting (Coulson 
and Raines 1985; Hill 1981a, 1981b; Johnson et al 1987; Ramsay 1998).  In this chapter therefore, 
community selection refers to those selections made for spatial resources whilst feeding. 
 The home range of Eastern Grey Kangaroos in the Coranderrk Reserve has not been estimated.  
Measures of Black Wallaby home range in the Coranderrk Reserve do exist (Troy and Coulson 1993; 
Edwards and Ealey 1975), but these estimates were made under completely different conditions of intra- 
and inter-specific competition with a Black Wallaby population of 50 individuals.  The current study was 
conducted with at least 118 Black Wallabies present.  It is possible that under these conditions, Black 
Wallaby home range size will have changed.  It is not clear if an increasing level of intra-species 
competition will expand or contract home ranges (Troy and Coulson 1993).  If it is assumed that the 
minimum home range of Eastern Grey Kangaroos is 20 ha (Jaremovic and Croft 1987; Jarman and 
Taylor 1983), then they will range over several of the communities of the Coranderrk Reserve, but 
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possibly not all.  Hence the distribution of pellets will reflect habitat choice within the macropodid’s home 
range, not over the whole of the Coranderrk Reserve.  The location of macropodid home ranges are 
unknown in the Coranderrk Reserve and it is not possible to ascribe particular faecal pellets to a 
particular individual.  This therefore, enables a population level measurement of habitat selection to be 
made without precise reference to home range utilisation.  Therefore, this study examines the habitat 
choices at Johnson’s (1980) third level of choice, in a population of Eastern Grey Kangaroos and Black 
Wallabies.   
 
5.2.  Methods 
5.2.1. Pilot Studies 
 Preliminary faecal pellet collections were made during March 1997 in order to determine the 
sampling strategy that would be used.  Adequacy of sampling was established by the use of 
frequency/area curves for each Coranderrk Reserve community.  These pilot studies indicated that the 
sampling sites, which had been randomly selected for the floristic investigation described in Chapter 4 
(section 4.2.1), could be successfully utilised for pellet density measurements as indicated by the levelling 
out of the sampling curve at sampling intensities of  35-40 plots. 
 The removal of pellets from sampling plots prior to later collection must be conducted so that a 
specific time period can be attributed to the accumulation of the pellets.  The difficulty with allowing 
pellets to accumulate for too long a period is that they will begin to decompose, especially under 
conditions of high humidity and temperature.  On the other hand, leaving the plots for too short a period 
would require a greater sampling effort.  Hill (1981c) overcame some of these problems by placing fresh 
pellets on sampling sites, and then on subsequent visits using them as an aging base for new pellets 
actually deposited by animals.  A correction factor could then be developed which would allow for the 
loss of pellets.  This was necessary because of relatively long deposition periods. 
 Another factor which may interfere with the result is the possibility that faeces can be retained in 
some communities for longer periods than in others (Hone and Martin 1998).  Decomposition conditions 
may differ markedly from the dry sclerophyll forest to the riparian vegetation community. Taylor (1980) 
reported that Eastern Grey Kangaroo pellets in dense leaf litter near Beerwah (south-east Queensland) 
were 4-6 months old before they reached a stage of decomposition where they would be rejected from a 
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count.  Also, termites may be more active in drier habitats and hence in these sites pellets may disappear 
rapidly.  Hill (1982) reports problems with faecal pellet loss to termites which use dung as a major food 
source in some study sites but not in others (Watson et al. 1973). 
 During trials in October and November 1996, five samples of ten freshly-deposited pellets from 
both macropodid species were placed in five randomly-chosen sites (the first five sampling sites 
described in Section 4.2.2.) in both the dry Red Stringybark/Narrow-leaved Peppermint and the moist 
riparian zone communities and observed on a weekly basis for five weeks.  November was chosen as 
being representative of the most rapid decomposition conditions available in the Coranderrk Reserve 
because of the prevailing warm and wet climatic conditions occurring at that time.  The shiny layer of 
mucus which envelops fresh pellets was lost over one week.  However, the pellets themselves were all 
intact after five weeks and no macroscopically visible deterioration had occurred in both communities.  
Termite or dung beetle activity was not observed before 35 days although beetle action was evident 
thereafter in the riparian zone.  Invertebrate activity could be detected when integrity of the pellet 
disintegrated at the interface between the pellet and the ground. 
 For this study, it was decided to use a shorter faecal deposition period than was used by other 
authors (Taylor 1980, 4-6 months; Lunney and O’Connell 1988, 16-56 weeks; Ramsey and Engeman 
1994, infinite).  This eliminated the need to make adjustments to the counts because of decomposition 
and was possible because of the high animal density in the Coranderrk Reserve. 
 Three measures of pellet density were made (groups of pellets, numbers of pellets and biomass of 
pellets). The time interval between clearing and collection was up to 30 days for the counting of groups 
and pellets. A possible loss in biomass due to invertebrate and decomposition activities over that time 
may have occurred.   It was not possible to standardise the collection period because of the logistics of 
the field work.  Ideally every plot would have been cleared on the same day and the pellets collected 
similarly at a fixed time period later.  However, with 500 plots to clear and observe this would have been 
impractical.   
 Given the observed integrity of pellets over time and the ability to express the raw data into 
comparable forms (pellets/day/sampling site), it was considered that the periods of time allowed for pellet 
accumulation (up to 30 days in winter, 21 in spring and 25 in autumn) would not result in the loss of 
pellets. The actual time intervals between clearing and collection is given in Table 5.2.1.1. 
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Table 5.2.1.1. Time Interval (Days) Between the Clearing and Collection of Pellets from Plots 
(Macropodid Defaecation Periods). 
Community         Interval (Days) 
 
 July (Winter) December (Spring) February (Summer) 
EA 22 20 23 
CL 28 19 25 
ER 22 21 24 
EG 19 20 23 
EM 23 20 23 
EV 28 20 23 
EX 30 21 24 
EO 30 21 24 
CLB 22 21 24 
KP 24 21 25 
    
Mean 24.8 20.4 23.8 
The data were obtained by counting the number of days between clearing the sampling sites and the 
collection of fresh pellets.  The number of days varied because of logistic reasons.  
 (EA): Badger Creek Floodplain. (CL): Piccaninny Swamp Drainage Line. (ER): Candlebark/Narrow-
leaf Peppermint Woodland. (EG): Badger Creek Riparian Zone. (EM): Red Stringybark / Narrow-leaf 
Peppermint Woodland. (EV): Scentbark/Narrow-leaf Peppermint Woodland. (EX): Messmate 
Woodland. (EO): Messmate/Narrow-leaf Peppermint Woodland. (CLB): Lake Coranderrk Fire-
affected Drainage Line. (KP): Eucalypt Plantation. 
 
The maximum deposition period was 30 days [in the Messmate woodland (EX) in July] and the minimum 
was 19 days [in the riparian zone (EG) in July]. 
 
5.2.2. Sampling Strategy and Faecal Pellet Collection Techniques. 
 Macropodid community selection was measured in three ways: 
· Numbers of groups of pellets 
· Numbers of pellets 
· Biomass of pellets 
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 The three estimates all provide measures of the same thing, that is, the amount of faeces 
deposited in a particular community over a period of time.  The three records were kept so that a 
conclusion could be made about the most reproducible method for estimating pellet density at the 
Coranderrk Reserve.   
 At the central stake of each sampling site (locations given in Fig. 4.2.1.1.) the same randomly-
generated compass bearings used to locate the plant biomass quadrats (see Sec. 4.2.2) were used to 
identify the pellet collection plots.  A rope was drawn out from the central stake in the direction of the 
bearings and at a radius of 7 m a 20X 1.5 cm satellite stake was placed in the ground.  These small 
stakes were then the centre of five circular plots used to collect macropodid pellets.  Circular plots are 
recommended for this type of study to achieve maximum accuracy (Robinette et al. 1958; Neff 1968).  
Deer studies (Robinette et al. 1958; Smith 1964) indicate that multiple small plots consistently deliver 
higher estimates of pellet density.  However, Eastern Grey Kangaroo defaecation patterns are different 
(Hill 1980c).  Eastern Grey Kangaroos do not trail their pellets to the extent that deer do and they 
produce a higher number of smaller groups of pellets.  Hence problems experienced at the edge of 
quadrats are not important in Eastern Grey Kangaroo studies and small plots with high circumference to 
area ratios are quite suitable. 
 A 1.8 m length rope was looped around the satellite stake and was held tight as  two observers 
walked in a circle demarcated by the end of the rope and collected pellets.   Hence each plot had an area 
of 10.17 m2 and each sampling site had 50.87 m2 scanned for pellets.  Since ten sites were examined in 
each community the sampling area was a constant 500.9 m2 per community. 
 This procedure was conducted on three occasions to correspond with the floristic analysis 
described in Chapter 4  (7-11 July, 1997, 8 -12 December, 1997, 16-20 February 1998).  A mean 
pellet deposition period of 23 days was obtained by prior plot clearing of existing pellets.  Clearing was 
simply performed by using the above technique to locate all faecal pellets in every quadrat and to remove 
them without noting species or number.   
 On the morning preceding each collection period, Black Wallabies and Eastern Grey Kangaroos 
were observed until they defaecated, and their pellets were collected.  These specimens were used as 
reference samples for the remainder of that collection period.  In most cases Eastern Grey Kangaroo 
pellets could be easily identified because of their dark green to black colour, with the Black Wallaby 
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pellet being brown.  Additionally, colour plates of pellet shape and colour made from previously 
photographed pellets from the Coranderrk Reserve and published in the literature (Triggs 1984 and 
1996)  were used as reference material. On this basis, every pellet found was assigned to one of the two 
macropodid species.  Size was not found to be a good indicator of pellet origin.  The only other species 
in the sampling areas which might have deposited similar kinds of faeces were Common Wombats 
(Vombatus ursinus).  Common Wombat pellets were easily differentiated from those of the Eastern 
Grey Kangaroos and Black Wallabies because they were deposited in piles and were usually cube 
shaped. 
 During collection, two records were kept: 
· Groups of pellets: both species usually egest several pellets within a short period of time.  The pellets 
produced by a single egestion event was considered to be a group (all of the pellets that were passed 
at any one time by an individual animal).  If the animal was moving whilst defaecating then a small trail 
of pellets could be identified as all belonging to the same group.  If this trail had half or more than half 
its pellets in the plot then it was included in the count. 
· The number of pellets: after the group number had been identified, the total number of pellets was 
counted.  All groups of pellets that trailed out of the quadrat were included in pellet counts if the group 
had half or more than half of its pellets inside the plot. 
 All pellets were collected into labelled plastic bags which were inverted and used as a glove (one 
for each species for each plot).  The bags were kept on ice in an insulated box.  It was therefore 
theoretically possible to collect 100 sample bags for each community and 1000 for each sampling period 
from the Coranderrk Reserve, but not all sites had pellets in each sampling period.   
 The pellets were taken to the laboratory the following day where the bags were opened and 
placed in a drying oven at 40 - 45° C and dried until constant weight was achieved.  The bags and their 
dry contents were then weighed.  It was found that the plastic bags were sufficiently homogeneous in their 
mass to be able to allow for their contribution to total weight by taring a constant value.   
 
5.3.  Results 
5.3.1. Faecal Pellet Collections  
 The raw data are expressed as numbers of groups, pellets or total pellet biomass collected per 
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day in each sampling site. 
 The group and pellet numbers and pellet biomass decreased significantly (see Tables 5.3.1.1 and 
5.3.1.2) from the July to December period and then increase again in February. 
 The data in Table 5.3.1.1. show variation in deposited faecal pellet biomass over the seasons.  
An identical pattern of variation was observed in the pellet group and pellet number data.  This variation is 
not the same for the two species. 
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Table 5.3.1.1. Mean and Standard Error of the Total Biomass of Macropodid Pellets Deposited 
in each Sampling Site in the Coranderrk Reserve.  
Species                     Mean Pellet Biomass (g) / Day / Site ± SE 
    
                 July              December                   February 
Eastern Grey Kangaroo 0.654 ± 0.069 0.127 ± 0.014 0.466 ± 0.035 
 
Black Wallaby 
 
1.232 ± 0.087 
 
0.100 ± 0.014 
 
0.328 ± 0.020 
 
The data were obtained by calculating the mean of the pellet biomass deposited in each study site across 
all ten communities in the Coranderrk Reserve during any one sampling period.  Significant differences (t 
test: p < 0.05, N1 and N2 = 100) exist between both species and sampling periods. 
              
  
 If the macropodid census data in Table 3.3.3.5 are used and the density of pellets observed at 
the sample sites at each collection period (Table 5.3.2.1.) is extrapolated to cover the whole area of the 
Coranderrk Reserve then the numbers of pellets produced by each species per day during their feeding 
periods can be calculated.   
 
Table 5.3.1.2. Daily Faecal Pellet Production of Macropodids by Pellet Number and Standard 
Error in the Coranderrk Reserve During the Three Sampling periods  
Species                  Mean Number of Pellets /Animal / Day ± SE 
    
                 July                 December                                 February 
Eastern Grey Kangaroo 551 ± 59 104 ± 12 232 ± 17 
 
Black Wallaby 
 
253 ± 18 
 
15 ± 2 
 
44 ± 3 
  
The data were obtained by calculating the mean number of pellets deposited in each study site across all 
ten communities in the Coranderrk Reserve during any one sampling period and allowing for the presence 
of 118 Black Wallabies and 35 Eastern Grey Kangaroos over the total area (142 ha) of the study site. 
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Significant differences (t test: p < 0.05, N1 and N2 = 100) exist between both species and sampling 
periods. 
 Hill (1980c) estimated Eastern Grey Kangaroo faecal pellet production to be 412 per day in the 
Durikai State Forest in southern Queensland and concluded that Eastern Grey Kangaroos from different 
areas have similar defaecation rates (Hill 1978) but that there is significant variation with the activity 
patterns of the animal.  Stewart (1982) estimated pellet group production to be 24.2 per day in captive 
Eastern Grey Kangaroos.  Johnson et al. (1987) have detailed the defaecation patterns of wild Eastern 
Grey Kangaroos and given the numbers of defaecations (89.5) and pellets per day (493). They also 
describe the temporal defaecation patterns and inter-class variation exhibited by Eastern Grey 
Kangaroos. They conclude (p. 137): 
 “Because animals rarely defaecate when they are inactive, relatively few pellets  will be left in 
areas used primarily for resting, but the frequent defaecation  during the first hour or two of feeding in 
the afternoon will produce high  densities of pellets on feeding grounds visited at this time.  Such 
distortions  may also affect estimates of gross density, unless all areas used by the  population over 
the entire diurnal cycle of activity are given unbiased  representation in the sampling of dung.“ 
Table 5.3.1.2 indicates a significant difference in the pellet production rate from one season to another.  
Temporal variations over long time periods are clearly distortions which must also be taken into account 
when estimating gross densities.  Arnold and Steven (1988) observed similar degrees of variation in the 
faecal output of Western Grey Kangaroos (M. fuliginosus) from one year to the next and it is to be 
expected that many macropodid species will demonstrate significant fluctuations in faeces production.  In 
this study both Eastern Grey Kangaroos and Black Wallabies showed a reduction in faeces deposition in 
spring and a subsequent increase in summer.  In winter, faeces production per animal (as measured by 
biomass) by Black Wallabies exceeded that of Eastern Grey Kangaroos, but this was reversed in spring 
and summer. 
 There are several hypotheses which, either alone or together, may explain these observations. 
· The relative and absolute population numbers of the two species may have varied during the field 
work giving rise to the data.  The census of macropodids conducted at the Coranderrk Reserve would 
indicate that this explanation is unlikely (see Table 3.3.2.1.).   Eastern Grey Kangaroo numbers during 
the July period were estimated to be 35 and at the end of the field work in March 1998, the estimate 
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was 32.  Wallaby numbers at corresponding times were thought to be 118 and 132.  These census 
data do not allow for young animals leaving the pouch and entering the population, however such 
changes in population numbers would be minor compared to the observed pellet data changes. 
· Macropodids may spend less time during spring and summer foraging.  Southwell (1981) reported an 
11% decrease in Eastern Grey Kangaroo foraging during spring and summer on the New England 
tablelands and Priddel (1986) reported a 22% reduction in grazing hours during summer by Western 
Grey Kangaroos.  If the animals are spending less time foraging then this may assist to explain the 
decrease in defaecation rates. During spring and summer macropodids will have decreased thermal 
energy requirements because of increased ambient temperatures.  They would therefore ingest less 
forage and produce less faecal material. 
· The quantity of faecal matter produced will also be a function of the nutritive value of forage.  In spring 
and summer forage may be more nutritive and contain less indigestible material.  This will lead to a 
reduction in faeces production because a larger percentage of the ingested forage will be absorbed.   
· The abundance of forage in spring and summer may lead to less metabolic energy being required for 
movement with a corresponding decrease in forage intake and faeces production. 
· The age structure and size of cohorts may have a role to play in explaining the observed phenomenon.  
Lactating females will have higher forage requirements than females without young.  Johnson et al. 
(1987) reported that females had twice the faecal pellet production rate of males.  Similarly, dominant 
males in the hierarchical social structure of the Eastern Grey Kangaroo population, may require more 
forage to support reproduction-related activities and hence produce more faeces at some times of the 
year than others.  Alternatively, they may in fact, decrease their intake during peak mating times.  
Information relating to these aspects of the Coranderrk Reserve macropodid population was not 
available. 
   To improve confidence in the data it is possible to allow for longer deposition periods during 
those times (spring) when faecal production decreases.  This may result in the harvesting of larger 
numbers of pellets and hence improve the accuracy of the observations. The disadvantage of this strategy 
is that under warm and moist conditions it is possible that pellet biomass may be lost due to 
decompositional processes if they are left for too long.  In this study standard errors associated with 
spring faecal pellet collections were low (10 - 14%) and it was not necessary to extend deposition 
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periods. 
  
5.3.2.  Estimates of Community Selection 
 The possibility that one of the various measures of pellet production (groups, pellets, biomass) 
will lead to more reproducible results was examined so that the most accurate use of pellet distribution 
and density could be used to measure spatial resource selection. It was established that the production of 
pellets varied between species and over time (see Tables 5.3.1.2 and 5.3.1.3).  It is possible that this 
variation may be more or less obvious when other measures of faecal output are considered.  Table 
5.3.2.1 gives the three mean faecal pellet measures and their standard errors. 
 The data in Table 5.3.2.1. compare the standard error of the mean for both species using the 
three measurements employed to estimate pellet density during the three collection periods.  Standard 
errors of the mean were similar for all three measurements.  Black Wallaby collections were less variable 
than Eastern Grey Kangaroo in winter and summer.  Overall, standard errors were larger during the 
winter collection because this was the period during which the greatest number of pellets was found for 
both species.  The correlations between pellet numbers, groups and biomass was positive and high (R = 
0.98 and 0.99) even during the least replicable collection period (July) and are given in Table 5.3.2.2. 
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Table 5.3.2.1. Mean Group Size, Number and Biomass of Macropodid Pellets per Sampling 
Site for the Three Sampling Periods  
 
 
 
 
 
 
 
 
 
 
The data were obtained by taking the mean numbers of pellet groups, numbers and biomass when faeces 
from every sampling site in the Coranderrk Reserve communities were considered. The standard error of 
the mean was converted to a percentage of the mean so that variance between species and over sampling 
periods could be compared.  At each collection period N = 100 for each species.  
 
              
Table 5.3.2.2.   Correlation Co-efficient (R) Matrix For Relationships Between Macropodid 
Faecal Pellet Numbers, Group Numbers and Biomass During July Sampling Period 
 Eastern Grey Kangaroo Black Wallaby 
     
 Groups Biomass Groups Biomass 
Numbers 0.98 0.98 0.99 0.99 
Biomass 0.97 na* 0.98 na* 
 
The data were obtained by plotting the mean numbers of pellets collected from all sampling sites of the 
Coranderrk Reserve against the mean numbers of pellets and their biomass collected in the same 
locations in July (DF = 99, p < 0.05). na* indicates not applicable. 
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The July sampling period data are given because this sampling period represents the least replicable data 
set.  Correlation co-efficients for the other data sets approached 1. 
 Taylor (1980) reported that the number of pellets per group decreased as the abundance of 
groups decreased.  This was not observed in this study where the number of pellets per group remained 
constant over the seasons and throughout the various communities for both macropodid species.  Hill 
(1978) differentiated between the number of pellets per group when captive and wild animals were 
compared.  Eastern Grey Kangaroos whilst feeding in the wild tend to produce faecal pellets frequently 
and do so whether they are moving or stationary.  He concluded that if food is plentiful and Eastern Grey 
Kangaroos do not have to move very much, then there will be larger numbers of pellets in each group. 
 In the Coranderrk Reserve all three estimates were satisfactory measurements of the same 
parameter (amount of faeces deposited by macropodids).  The correlation coefficients obtained by 
performing regression analysis all approached 1 indicating very high correlation (Table 5.3.2.2.).   
 It was possible that some pellet decomposition or invertebrate activity affecting biomass 
measurement may have occurred and that these activities may not have been constant in any one 
community.  For this reason it was decided not to use the biomass results to examine spatial resource use. 
This left numbers of pellets or numbers of groups.  It was decided to use numbers of pellets because the 
error involved in counting pellets would be less than that involved in counting groups.  Occasionally it was 
difficult to differentiate between one group and others, and since volunteers were used to assist with the 
counts, this difficulty could be eliminated by utilising the pellet counts about which there could not be any 
difficulty or error due to interpretation. 
  
5.3.3. Macropodid Habitat Use 
 It is difficult to compare the selection of communities in terms of the two macropodid species.  
This would require comparing the mean number of Black Wallaby faecal pellets with those from Eastern 
Grey Kangaroos.  This is only possible if a transformation is executed which allows for the different 
population sizes and the differing defaecation rates over time. The data were accordingly transformed 
using the following estimates of population derived from Table 3.3.3.1. and the defaecation rates given in 
Table 5.3.1.2. 
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Table 5.3.3.1. Estimated Macropodid Populations During Collection Periods. 
          Numbers of Animals 
     Jul (1997)  Dec (1997)  Feb (1998) 
Eastern Grey Kangaroo    35   33   32 
Black Wallaby    118   125   132 
The July data is directly obtained from the census and the March 1998 figures are used for the February 
calculation, assuming little change in the short intervening period.  The December figures are obtained by 
calculating the midpoint between the July and the February data. 
 
               
  
 The transformed data (animals/day/sampling site) were analysed using a three-way ANOVA 
(Fowler and Cohen 1990), with species, community and time being the three treatment variables (Table 
5.3.3.2).  Since each data set was balanced, a simple factorial analysis was used and the Mantel test was 
contraindicated (Luo and Fox 1996; Patterson 1986). 
 The first null hypothesis was that there were no significant differences in habitat use by Eastern 
Grey Kangaroos and Black Wallabies (variable A).  Since the F value exceeded the tabulated value at P 
= 0.05, this hypothesis could be rejected and it was concluded that there was a significant difference in 
habitat use by the two species. 
 The second null hypothesis was that there were no significant differences in habitat use when the 
ten Coranderrk Reserve communities were compared (variable B).  Since the F value exceeded the 
tabulated value at P = 0.05, this hypothesis could be rejected and it was concluded that there was a 
significant difference in habitat use which depended on the type of community. 
 The third null hypothesis was that there were no significant differences in habitat use from one 
season to another (variable C).  Since the F value did not exceed the tabulated value at P = 0.05, this 
hypothesis was accepted and it was concluded that there was no significant difference in habitat use over 
the seasons.  
Table 5.3.3.2. Analysis of Variance of Habitat Use in Relation to Macropodid Species, 
Community and Season.  
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Source of Degrees of Sum of Mean F P 
Variance Freedom Squares 
(X 10-6) 
Square 
(X 10-6) 
Ratio Value 
Species (A) 1 2000 2000 149.2* 0.0001 
Community (B) 9 1000 69.5 6.78* 0.0001 
Season (C) 2 3.20 1.60 0.156 0.8557 
Interaction      
AB 9 1000 71.85 7.01* 0.0001 
AC 2 8.12 65.55 6.39* 0.0001 
BC 18 1000 4.06 0.396 0.6730 
ABC 18 1000 39.48 3.85* 0.0001 
Error 540 6000 10.25   
The analysis of variance was performed after transforming the mean numbers of pellets collected in ten 
communities of the Coranderrk Reserve over three different seasons for  the different defaecation rates 
and the population of each species.  The data analysed in the ANOVA were therefore  habitat use in 
terms of numbers of animal days per sampling site in each community. 
* Indicates an F value which exceeds the tabulated critical value at P = 0.05 
 
              
 
 The fourth null hypothesis was that there was no significant interaction between macropodid 
species and the type of community which influenced habitat use (interaction AB).  Since the F value 
exceeded the tabulated value at P = 0.05, this hypothesis could be rejected and it was concluded that 
there was a significant interaction between species and community which influenced habitat use.  
 The fifth null hypothesis was that there was no significant interaction between macropodid species 
and season which influenced habitat use (interaction AC).  Since the F value exceeded the tabulated value 
at P = 0.05, this hypothesis could be rejected and it was concluded that there was a significant interaction 
between species and season which influenced habitat use.  
 The sixth null hypothesis was that there was no significant interaction between community and 
season which influenced habitat use (interaction BC).  Since the F value did not exceed the tabulated 
value at P = 0.05, this hypothesis could be accepted and it was concluded that there was no significant 
interaction between community and season which influenced habitat use.  
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 The seventh null hypothesis was that there was no significant interaction between species, 
community and season which influenced habitat use (interaction ABC).  Since the F value did exceed the 
tabulated value at P = 0.05, this hypothesis could be rejected and it was concluded that there was 
significant interaction between species, community and season which influenced habitat use.  
 The ANOVA indicated statistically significant differences between means of the samples.  
Comparisons of means for significant ANOVAs were carried out using the Tukey Honestly Significant 
Difference (HSD) test (Tukey 1977). 
 
5.4. The Interaction Between Community, Macropodid Species and Season and its Effect on 
Habitat Use.  
5.4.1. The Interaction Between Community and the Two Macropodid Species (AB Interaction) 
 The Tukey HSD test for significant differences revealed a statistically significant difference 
between the pairs of transformed means that constituted the data.  The interaction between macropodid 
species (A) and floristic community (B) and its effect on habitat use was analysed by the Tukey test and 
the existence of significant differences is indicated in Table 5.4.1.1. 
 During the sampling period there were significant differences in community utilisation as measured 
by pellet densities for the two macropodid species.  In July, Black Wallaby utilisation exceeded that of 
Eastern Grey Kangaroo in every community except for the eucalypt plantation (KP) and given the 
relatively higher numbers of Black Wallabies, this is not surprising.  In the Badger Creek floodplain (EA) 
no significant differences were found.  This observation continued through to December with the 
exception of the eucalypt plantation (KP) where Black Wallaby utilisation exceeded Eastern Grey 
Kangaroo utilisation.  This KP situation was reversed in February.  In the Messmate/Narrow-leaf 
Peppermint Woodland (EO) community in December no significant differences were found. 
Table 5.4.1.1 Honestly Significant Difference Between Habitat Use According to Macropodid 
Species by the Tukey Test. 
Community Season 
 July December February 
EX Messmate Woodland + + + 
CL Piccaninny Drainage Line + + + 
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EV Scentbark/Narrow-leaf Peppermint Woodland + + + 
EM Red Stringybark / Narrow-leaf Peppermint Woodland + + + 
EG Badger Creek Riparian Zone + + + 
EA Badger Creek Floodplain NS + + 
ER Candlebark/Narrow-leaf Peppermint Woodland + + + 
EO Messmate/Narrow-leaf Peppermint Woodland + NS + 
KP Eucalypt Plantation - + - 
CLB Lake Coranderrk Fire-affected Drainage Line + + + 
The data were obtained by transforming the faecal pellet data to allow for temporal and inter-species 
variations in defaecation rates. +  indicate differences between the means of the transformed data where 
Black Wallaby habitat use significantly exceeded Eastern Grey Kangaroo use compared to those 
required by the Tukey test with a set at 0.05. - indicate differences between the means of the 
transformed data where Eastern Grey Kangaroo habitat use significantly exceeded Black Wallaby use 
compared to those required by the Tukey test with a set at 0.05.  NS indicates differences between the 
means which were below those required by the Tukey test with a set at 0.05. 
 
              
  
 The data suggest that the Black Wallaby has a general ability to utilise a variety of habitats.  All of 
the available communities in the Coranderrk Reserve were used by Black Wallabies. The number of 
communities used by Eastern Grey Kangaroos was significantly smaller than those used by Black 
Wallabies and hence, in every one of these dual occupancy communities resources must have been 
partitioned or shared by the two macropodid species. 
 The riparian zone (EG) is selected by Black Wallabies and not by Eastern Grey Kangaroos for 
feeding (Table 5.4.2.1).  Presumably there is a physical barrier to larger macropodids gaining entrance to 
this community, due to impenetrability of the understorey.  The biomass of this community (EG) is 
concentrated in shrubs and herbs (Tables 4.3.2.1. - 3).  It is likely that in this community, trophic 
resource use sharing or partitioning does not occur. 
 During December, an increased selection of the grassy eucalypt plantation (KP) was made by 
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Black Wallabies relative to Eastern Grey Kangaroos.  This community was heavily utilised by Eastern 
Grey Kangaroos and suggests that for those animals in that community there may have been stronger 
spatial and trophic resource use overlap than in other communities. 
 The faecal pellet distribution data (Figures 5.5.1.1 and 5.5.1.2)  suggested a temporal and spatial 
aspect to interaction between Eastern Grey Kangaroos. andBlack Wallabies. The extent to which they 
shared resources varied from one season and from one community to another. 
 The ANOVA and Tukey test indicated significant interaction between the species and this 
interaction occurred in all of the communities of the Coranderrk Reserve except for the riparian zone 
(EG).  The ANOVA or the Tukey test did not reveal information about the nature of this interaction but it 
is likely to centre on the provision of cover and food. 
  
5.4.2. The Interaction Between Community and Season (BC Interaction) 
 The ANOVA indicated that there was no overall interaction between community (B) and season 
(C) on habitat utilisation by macropodids (Table 5.3.3.2.).  Nevertheless, the pairs of means were 
examined using the Tukey test to see if their were any significant alterations in habitat utilisation patterns 
over time as revealed by a minority of the individual pairs of means that constituted the data that may have 
been masked by the overall effect. 
 It can be assumed that over each pellet collection period, intra-species defaecation rates were 
constant and hence comparisons of feeding community selection using pellet densities will be valid.  The 
data was expressed as the proportion of pellets deposited in any community at that time by that species.  
This allowed direct comparisons over time. The existence of significant differences is indicated in Table 
5.4.2.1. 
 
Table 5.4.2.1. Honestly Significant Difference Between Habitat Use According to Season by 
the Tukey Test. 
Community Season  
 July-
December 
July-February December-
February 
 K* W* K* W* K* W* 
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EX Messmate Woodland x x - x x x 
CL Piccaninny Drainage Line x x - x x x 
EV Scentbark/Narrow-leaf Peppermint Woodland x x x x + x 
EM Red Stringybark / Narrow-leaf Peppermint Woodland x x - - x x 
EG Badger Creek Riparian Zone x + x x x x 
EA Badger Creek Floodplain x x x x x x 
ER Candlebark/Narrow-leaf Peppermint Woodland - - - x x x 
EO Messmate/Narrow-leaf Peppermint Woodland x x x - x x 
KP Eucalypt Plantation x - x x x x 
CLB Lake Coranderrk Fire-affected Drainage Line x x x x x x 
The data were obtained by transforming faecal pellet data to allow for temporal variations in defaecation 
rates. +  indicate differences between the means of the transformed data where habitat use in the first 
named month significantly exceeded that in the second named month compared to those required by the 
Tukey test with a set at 0.05. - indicate differences between the means of the transformed data where 
habitat use in the second named month significantly exceeded that in the first named month compared to 
those required by the Tukey test with a set at 0.05. x indicates differences between the means which 
were below  those required by the Tukey test with a set at 0.05. 
K* Eastern Grey Kangaroo 
W* Black Wallaby 
 
              
 
 As expected there were few significant differences between the pairs of means when temporally 
compared.  The only significant trend in Eastern Grey Kangaroo utilisation from July to December was 
that the Candlebark woodland (ER) was utilised to a greater extent in the December period.  From 
December to February a significant decrease in the selection of the Scentbark/Narrow-leaf Peppermint 
Woodland (EV) was demonstrated. 
 When community selection by Eastern Grey Kangaroos was compared from July through to 
February then an increasing selection of the Messmate damp sclerophyll woodland (EX), the Piccaninny 
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Swamp drainage line (CL), the Red Stringybark woodland (EM) and the Candlebark (ER) grassy 
woodland communities was observed.  A decrease in the utilisation of the Scentbark/Narrow-leaf 
Peppermint Woodland (EV) was detected from December to February. 
 For Black Wallabies there were significant changes in community selection from July to 
December in that they used the riparian zone (EG) less.  Over the same period Black Wallabies showed 
increasing selection for the Candlebark (ER) grassy woodland and the grassy eucalypt plantation (KP). 
The Messmate/Peppermint community (EO) and the Red Stringybark woodland (EM)  also had greater 
selection over the longer period through to February.  No significant differences could be seen for Black 
Wallabies when their habitat utilisation was compared from December through to February.  
 Overall it appears that season had a minor impact on habitat utilisation except that as spring and 
summer approached both species tended to utilise those communities dominated by a grassy stratum to a 
greater extent than in winter. 
 
5.4.3. The Interaction Between Species, Community and Season (ABC Interaction) 
 The Tukey Honestly Significant Difference (HSD) test for significant differences (Tukey 1977) 
was performed to reveal the presence of statistically significant differences between the pairs of 
transformed means that constituted the data collected over the three seasons and in the ten Coranderrk 
Reserve communities by both macropodid species. The interaction between species (A), community (B) 
and season (C) and its effect on habitat use was analysed by the Tukey test and the existence of 
significant differences is indicated in Table 5.4.3.1. 
Table 5.4.3.1. Honestly Significant Difference Between Habitat Use According to Species, 
Community and Season  by the Tukey Test. 
Communities Eastern Grey Kangaroo Black Wallaby 
 July December February July December February 
EX-CL x x x x x - 
EX-EV x x x x x x 
EX-EM x x x x x x 
EX-EG x x x - x x 
EX-EA - - x x x x 
EX-ER x x x x x x 
EX-EO x x x x x x 
EX-KP - - x x x x 
EX-CLB x x x x x x 
CL-EV x x x x x + 
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CL-EM x x x x x x 
CL-EG x x x - x x 
CL-EA - - x x x + 
CL-ER x x x x x x 
CL-EO x x x x x + 
CL-KP - - x + x + 
CL-CLB x x + x x x 
EV-EM x x x x x x 
EV-EG x x x - x - 
EV-EA - - x x x x 
EV-ER x x x x x x 
EV-EO x x x x x x 
EV-KP - - x x x x 
EV-CLB x x x x x x 
EM-EG x x x - x x 
EM-EA - x x x x x 
EM-ER x x x x x x 
EM-EO x x x x x x 
EM-KP - - x x x + 
EM-CLB x x x x x x 
EG-EA - - x + x + 
EG-ER x x - + x x 
EG-EO x x x + x x 
EG-KP - - x + x + 
EG-CLB x x x + x x 
EA-ER + x x x x x 
EA-EO + x x x x x 
EA-KP x x x + x x 
EA-CLB + + x x x x 
ER-EO x x x x x x 
ER-KP - + x x x + 
ER-CLB x x + x x x 
EO-KP - - x x x x 
EO-CLB x x x x x x 
KP-CLB + + x - x - 
The data were obtained by transforming faecal pellet data to allow for temporal variations in defaecation 
rates. +  indicate differences between the means of the transformed data where habitat use in the first 
named community significantly exceeded that in the second named community compared to those 
required by the Tukey test with a set at 0.05. - indicate differences between the means of the 
transformed data where habitat use in the second named community significantly exceeded that in the first 
named community compared to those required by the Tukey test with a set at 0.05. x indicates 
differences between the means which were below  those required by the Tukey test with a set at 0.05. 
(EA): Badger Creek Floodplain. (CL): Piccaninny Swamp Drainage Line. (ER): Candlebark/Narrow-leaf 
Peppermint Woodland. (EG): Badger Creek Riparian Zone. (EM): Red Stringybark / Narrow-leaf 
Peppermint Woodland. (EV): Scentbark/Narrow-leaf Peppermint Woodland. (EX): Messmate 
Woodland. (EO): Messmate/Narrow-leaf Peppermint Woodland. (CLB): Lake Coranderrk Fire-
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affected Drainage Line. (KP): Eucalypt Plantation. 
 
              
 
 There were significant differences between habitat use by both species across many communities 
throughout the collection period.   
 Eastern Grey Kangaroos showed selection for both the grassy eucalypt plantation (KP) and the 
Badger Creek floodplain alliance (EA) during July.  In December this selection showed a similar pattern, 
although the difference was not as great and this indicated that Eastern Grey Kangaroos were beginning 
to select other communities for their feeding activities.  This selection pattern was not carried through to 
February when only minor differences emerged.   The burnt drainage line below Lake Coranderrk (CLB) 
appeared to be selected against compared with the grazing modified Candlebark woodland (ER) and the 
unburnt drainage line below Piccaninny Swamp (CL). The Candlebark woodland (ER) was selected for 
against the riparian zone (EG). 
 For Black Wallabies strong selection is made for the riparian zone (EG) in July against all others.  
This selection is not carried through to December when Black Wallabies do not select any particular 
community.  In February, selection is once again demonstrated for the Badger Creek riparian zone (EG) 
although it is not as strong as in July.  The Piccaninny Swamp drainage line (CL) is also strongly selected 
at this time. 
 The fire-affected drainage line community (CLB) is not generally selected by either species at any 
time. 
5.5.  Spatial Resource Use by Macropodids 
5.5.1. The Selection of Space 
 To obtain an overall picture of community selection throughout the sampling period, the pellet 
number data were amalgamated and the mean number of faecal pellets deposited in each community was 
calculated and compared as a percentage of the total faecal pellet production for that species and that 
time. 
 
Figure 5.5.1.1. Community Selection by Eastern Grey Kangaroos. 
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The graph was obtained by expressing the number of Eastern Grey Kangaroo pellets located in each 
community as a percentage of the total pellets collected during the three collection periods. 
(EA): Badger Creek Floodplain. (CL): Piccaninny Swamp Drainage Line. (ER): Candlebark/Narrow-
leaf Peppermint Woodland. (EG): Badger Creek Riparian Zone. (EM): Red Stringybark / Narrow-leaf 
Peppermint Woodland. (EV): Scentbark/Narrow-leaf Peppermint Woodland. (EX): Messmate 
Woodland. (EO): Messmate/Narrow-leaf Peppermint Woodland. (CLB): Lake Coranderrk Fire-
affected Drainage Line. (KP): Eucalypt Plantation 
 The data displayed in Figure 5.5.5.1. show that community selection by the Eastern Grey 
Kangaroo varies over the seasons.  During the winter period the communities utilised are the eucalypt 
plantation (KP) and the Badger Creek floodplain (EA).  Both of these communities are dominated by soft 
grasses such as A. odoratum  and H. lanatus  and there is an absence of shrub layer (see Tables 
4.3.1.10. and  4.3.1.1.)    
 In December the Candlebark woodland (ER) is more heavily utilised by Eastern Grey Kangaroos 
than it is in February or July.  This community has a grazing modified grassy stratum which demonstrates 
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considerable growth in spring to which the Eastern Grey Kangaroos probably respond (Table 4.3.1.3; 
McMahon and Carr 1990).   
 In February, community selection becomes more homogeneous with the Candlebark woodland 
(ER) and the Piccaninny Swamp  drainage (CL) line being most commonly selected.  It is probable that 
this distribution pattern reflects the decrease in biomass of all compartments due to herbivory and drying 
off.  The drainage line below Piccaninny Swamp (CL) remained moist during the summer and grasses did 
not dry off here.  Eastern Grey Kangaroos may be prepared to travel across the Coranderrk Reserve 
during this period in search of green pick. 
 The regenerating Lake Coranderrk fire-affected drainage line (CLB) produced a large quantity of 
grass biomass (see Table 4.3.1.9. and 4.3.1.2.) after the prescribed burn it experienced in March.  This 
was not accompanied by an expected corresponding increased usage by Eastern Grey Kangaroos, which 
used the community in July not long after the burn when annual grasses (see Table 4.2.2.3.) emerged but 
they did not select in favour of this community thereafter.  Presumably the dominant P. australis is 
unpalatable or it provides an impenetrable barrier for Eastern Grey Kangaroos. 
 The Narrow-leaved Peppermint dominated woodlands (EO, EX, EV and EM) were not selected 
by Eastern Grey Kangaroos (Fig. 5.5.1.1).  Floristic studies (see Chapter 4) indicate that these 
communities do not support a dense grassy stratum on the forest floor.  They tend to have significant (up 
to 18%) areas occupied by bare ground or species of siliceous cover such as G. radula, L. longifolia 
and P. esculentum as well as shrubs consisting of K. ericoides, C. quadrifida and B. spinosa. 
 The riparian zone (EM) does not appear to be significantly utilised by Eastern Grey Kangaroos 
but is constantly occupied by Black Wallabies (see Table 5.5.1.2.).  This is a community of dense shrub 
cover dominated by  C. dubia, C. australis, C. arista, C. appressa  with a layer of Poa spp. grasses.  
The relative under-utilisation of this community by Eastern Grey Kangaroos probably reflects the denser 
nature of the undergrowth and the lack of palatable softer grasses. 
 A similar distribution graph was prepared for Black Wallabies (Fig. 5.5.1.2) 
 
Figure 5.5.1.2. Community Selection by Black Wallabies. 
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The graph was obtained by expressing the number of Black Wallaby faecal pellets distributed in each 
community as a percentage of the total faecal pellets collected during the three collection periods. 
(EA): Badger Creek Floodplain. (CL): Piccaninny Swamp Drainage Line. (ER): Candlebark/Narrow-
leaf Peppermint Woodland. (EG): Badger Creek Riparian Zone. (EM): Red Stringybark / Narrow-leaf 
Peppermint Woodland. (EV): Scentbark/Narrow-leaf Peppermint Woodland. (EX): Messmate 
Woodland. (EO): Messmate/Narrow-leaf Peppermint Woodland. (CLB): Lake Coranderrk Fire-
affected Drainage Line. (KP): Eucalypt Plantation. 
 
 Black Wallabies tend to show a more even distribution in the Coranderrk Reserve throughout the 
year than Eastern Grey Kangaroos.  Both species are present in, and utilise every community in the 
Coranderrk Reserve, but the Black Wallaby shows a relatively even temporal and spatial distribution.  
This probably reflects their solitary lifestyle and home range establishment.   
 Their utilisation of the Badger Creek riparian zone (EG) is evident in July and February but is not 
in December, when the Badger Creek  floodplain (EA) is chosen.  The riparian zone (EG) is gully-like 
and Black Wallabies have been known to frequent areas such as this (Lunney and O’Connell 1988; 
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Catling and Burt 1995b).  Turner and Lambert (1988) reported that the biomass and nitrogen content of 
ridge understorey was only 1% of that found in gullies of eucalypt forests.  Black Wallabies may be 
exploiting this nitrogen at times when biomass is at low levels in other places.  The concentration of Black 
Wallabies in the riparian zone indicates that at certain times they will extend their home ranges 
presumably, to include favourable food sources. 
 
5.5.2. The Location Of Macropodids in the Coranderrk Reserve  
 The absolute period of time spent by macropodids in any community of the Coranderrk Reserve 
will be a function of the area of that community and their selection for it.  For example, if a very large 
community such as The Red Stringybark woodland (EM), had a low density of pellets, the period of time 
spent by the animals in that community may still be significant.  On the other hand, a very small community 
such as the Badger Creek Riparian Zone (EG) may have a high pellet density but because of its small 
area the total period spent in that community could be low.  To investigate this, the total number of pellets 
deposited in any one community can be calculated by multiplying the number of pellets deposited per m2  
by its total area.  Data derived from these calculations will not indicate community selection or utilisation 
which is given by transformed pellet density data , but will indicate the percentage chance of finding an 
animal defaecating and feeding in any one of the Coranderrk communities at any one time.  It is therefore 
a measure of the temporal utilisation of Coranderrk Reserve communities and a function of the availability 
of the community, its size and the animal’s selection of it.  This information could be valuable in the 
development of management strategies because it reveals the likelihood of being able to locate an animal 
for trapping, darting or census purposes. 
 
Figure 5.5.2.1. Probability of Eastern Grey Kangaroos Defecating and Feeding in the 
Coranderrk Reserve Communities During the Sampling Period.  
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The figure was obtained by adjusting the numbers of Eastern Grey Kangaroo pellets deposited in each 
community over the whole sampling period for area and then expressing them as a percentage of the total 
numbers of pellets adjusted for area. 
 (EA): Badger Creek Floodplain. (CL): Piccaninny Swamp Drainage Line. (ER): Candlebark/Narrow-
leaf Peppermint Woodland. (EG): Badger Creek Riparian Zone. (EM): Red Stringybark / Narrow-leaf 
Peppermint Woodland. (EV): Scentbark/Narrow-leaf Peppermint Woodland. (EX): Messmate 
Woodland. (EO): Messmate/Narrow-leaf Peppermint Woodland. (CLB): Lake Coranderrk Fire-
affected Drainage Line. (KP): Eucalypt Plantation. 
 
              
 On this basis the three communities revealed in the previous data set were similarly indicated: 
Badger Creek floodplain (EA) (39%), the Candlebark woodland (ER) (13%) and eucalypt plantation 
(KP) (14%)with a total of 66% of the Eastern Grey Kangaroo time being spent in these communities 
when averaged over the whole collection period.  
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Figure 5.5.2.2. Probability of Black Wallabies Defecating and Feeding in the Coranderrk 
Reserve Communities During the Sampling Period. 
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The figure was obtained by adjusting the numbers of Black Wallaby pellets deposited in each community 
over the whole sampling period for area and then expressing them as a percentage of the total numbers of 
pellets adjusted for area. 
 (EA): Badger Creek Floodplain. (CL): Piccaninny Swamp Drainage Line. (ER): Candlebark/Narrow-
leaf Peppermint Woodland. (EG): Badger Creek Riparian Zone. (EM): Red Stringybark / Narrow-leaf 
Peppermint Woodland. (EV): Scentbark/Narrow-leaf Peppermint Woodland. (EX): Messmate 
Woodland. (EO): Messmate/Narrow-leaf Peppermint Woodland. (CLB): Lake Coranderrk Fire-
affected Drainage Line. (KP): Eucalypt Plantation 
  
For Black Wallabies the pie chart shows a more homogeneous distribution following a similar 
pattern as that established by the pellet density data.  Clearly, Black Wallabies utilised the communities of 
the Coranderrk Reserve in a less discriminatory fashion when compared to Eastern Grey Kangaroos.  
 On the basis of community selection and utilisation there are communities where interaction 
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between the species is minimised because that area is dominated by one or other species [eucalypt 
plantation (KP) for Eastern Grey Kangaroos, Piccaninny Swamp drainage line (CL), fire-affected Lake 
Coranderrk drainage line (CLB) and the riparian zone (EG) for Black Wallabies].   Resource use by the 
two species may occur in every community of the Coranderrk Reserve because both species spend time 
in all of them and these times coincide.  However there are some communities where relative resource use 
may decrease because of population pressure induced inter-species competition [the Badger Creek 
floodplain (EA) and Candlebark woodland (ER)]. It is also possible that these communities could provide 
a greater abundance of resources for both species and consequently relative resource use may not 
decrease. 
 
5.6. Selected Community Characteristics Summary  
 By examining distribution of pellets and comparing them with the environmental factors pertaining 
to the Coranderrk Reserve it is possible to make some generalisations about the characteristics which 
describe selected communities. 
 The summary data in Table 5.6.1. show the ability of the Black Wallaby to exploit a wider range 
of communities within the Coranderrk Reserve and also indicate those characteristics where overlap of 
the two species is most likely to occur.  Communities where this may occur are alluvially based, have flat 
terrain, a woodland type canopy with a southerly to easterly aspect and have a moist ground stratum of 
grasses and herbs.  The communities of the Coranderrk Reserve best described by these characteristics 
are the Badger Creek floodplain (EA), the Candlebark woodland (ER) and the Piccaninny Swamp 
drainage line (CL).  It is in these areas that the potential for inter-specific competition will be at its 
maximum and resource partitioning at its minimum. 
 
Table 5.6.1.  Environmental Characteristics of Coranderrk Reserve Communities Selected by 
Macropodids. 
Variable Selected Characteristic 
 Eastern Grey Kangaroo Black Wallaby 
Soil Type Alluvial sand Alluvial sand and Devonian 
sediments 
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Aspect South and east All 
Canopy Woodland Woodland and forest 
Altitude Lowland All 
Hydrology Drainage lines All 
Slope Flat All 
Penetrability Easy to penetrate All 
Ground Stratum Heavy grass and herb 
layer 
Shrubs and herbs 
 
The table was compiled by comparing the selection Eastern Grey Kangaroos and Black Wallabies made 
for the communities of the Coranderrk Reserve with the physical and floristic characteristics of those 
communities as given in Chapters 3 and 4. 
 
              
  
5.7. Conclusions  
 The defaecation rates of both species varied significantly throughout the study period.  Highest 
rates were observed in winter and the lowest rates in spring. 
 There was a positive and strong correlation between the three parameters used to measure 
defaecation rates (pellet group numbers, pellet numbers, pellet biomass) for both species. 
 Eastern Grey Kangaroos and Black Wallabies shared all of the communities of the Coranderrk 
Reserve throughout the study period but the extent of this sharing varied considerably from one 
community and season to another. 
 At all times of the year Eastern Grey Kangaroos selected communities which had a grassy ground 
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stratum and avoided those areas with shrub and herb cover.  The Black Wallaby was able to exploit all of 
the communities and did not demonstrate the same selective discrimination as the Eastern Grey 
Kangaroo.  The Black Wallaby selected in favour of dense understorey cover communities in winter, but 
at other times was non-discriminatory.  Spatial resource overlap was most likely to occur in the Badger 
Creek floodplain community. 
 Resource partitioning by Black Wallabies and Eastern Grey Kangaroos for niche had a temporal 
and spatial variability.  Potential for inter-specific competition for temporal niches was apparent from the 
study because the two species were found to share the same space at the same time. Whether or not the 
need for spatial niches extended into direct competition was not established.  However, competition for 
shelter sites and forage was possible.  
 The two species had areas in the Coranderrk Reserve where interaction was largely insignificant 
and others where sharing of habitat was substantial.  The interactions varied in their degree over the 
seasons and were most dependent on the nature of the community.  This variability was the hallmark of 
spatial resource partitioning by the two species. 
 Diet of macropodid species was the other aspect of resource use that was studied.  The following 
chapter describes the accumulation of a Confocal Scanning Laser Herbarium that was used to identify 
plant species in macropodid faeces. 
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CHAPTER SIX 
 
THE DEVELOPMENT OF A CONFOCAL SCANNING LASER MICROSCOPE 
HERBARIUM OF CORANDERRK RESERVE PLANT EPIDERMIS 
Abstract 
 Confocal scanning laser microscopy (CSLM) and a ClarisWorks® database storage system 
were used to create an herbarium of the abaxial, adaxial and occasionally the stem epidermis of 233 
species of indigenous and exotic species of plants collected from the Coranderrk Reserve, Healesville.  
The differential processing periods for these species are given. 
 Staining regimens suitable for both light microscopy and CSLM are described.  Features 
diagnostic of epidermal fragments are discussed.  These characteristics were classified in a database 
organised according to a system which facilitates the determination of macropodid diets by identifying 
plant epidermal fragments found in their faeces. 
 
6.1.  Introduction 
6.1.1. Confocal Scanning Laser Microscopy  (CSLM) 
 The use of microscopy for establishing the remnant fragments of foodstuffs in macropodid faeces 
is well established (Storr 1961; Stewart 1967; Westoby et al. 1976; Beetham et al. 1987; Norbury 
1988). This technique relies upon the presence of features of plant indumentum and epidermis that are 
taxonomically significant within the population of plants being studied.  This significance allows for the 
characterisation of species at various levels of classification. The levels of classification reached will be 
dependent upon the observer’s ability to recognise characteristic features as well as the expansiveness of 
the reference material collected. All previous studies of macropodid diets have used light microscopy, 
usually with the addition of photomicrographs to enable a hard copy, reference herbarium to be 
produced. 
 CSLM is arguably the most significant advance in biological light microscopy in recent years 
(Shotton 1988; Vardaxis 1999) and acts as a bridge between conventional optical and scanning electron 
microscopy (SEM) (Pang 1987).  Unlike SEM, CSLM requires no vacuum to operate, needs no special 
sample preparation and causes no specimen damage.  The process enables quantitative data about 
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biological specimens to be obtained by the use of non-invasive optical sectioning techniques free of any 
out-of-focus blur (Carlsson et al. 1985).  
 The essential feature of a confocal imaging system is that the illumination and detection are 
confined to the same plane in the specimen at any one time.  In a confocal imaging system, if the detected 
spot is so small that its limits are set by diffraction, then the resolution is greater than in a conventional 
light microscope (Bio-Rad 1993; Wilson and Sheppard 1984). 
 Fluorescence microscopy is widely used for locating cell components using fluorochrome 
labelling techniques, that affix fluorescent dyes to specifically targeted components of the cell’s 
infrastructure.  This method is hampered by the observation that fluorescence is not a two dimensional 
phenomenon, with the resultant noise effects of out-of-focus light from below and above the field of view 
interfering with the image by creating unwanted background glow, which greatly deteriorates the quality 
of the image.  Traditional fluorescence microscopy has been most successful with adhesive cultured cells 
because of their inherent two dimensional nature.  Unfortunately, such techniques are not found to be 
productive in faecal fragment analysis, despite the auto-fluorescence of cellulose-based components, 
because of this presence of out-of-focus distortions. 
 CSLM differs from conventional fluorescence microscopy in that full field illumination is replaced 
with single point epi-illumination (using the same lens as both condenser and objective) at the focal plane 
by a cone of light focussed to a diffraction-limited point by a unitary beam laser (Brakenhoff et al. 1979).  
Excitatory laser light from the illuminating aperture is reflected and focussed by a normal microscopic 
objective lens to a diffraction-limited spot at the focal plane within the specimen.  Fluorescence 
emissions, excited both within the illuminated in-focus spot as well as above and below it, are then 
collected by the same objective lens and pass through a dichroic mirror and emission filter.  Only those 
emissions from the in-focus spot are able to pass unimpeded through the imaging aperture to be detected 
by a photomultiplier tube (PMT) (White et al. 1987).  Green argon ion laser light of a fixed wavelength 
(488 nm) is able to excite fluorochromes that emit at different wavelengths (yellow/green 520 - 550 nm 
and red 600 nm), enabling the collection of dual or even triple images from the same specimen that has 
been labelled with intracellularly-specific dyes, allowing the simultaneous imaging of different 
fluorochromes with images showing perfect registration with each other.  
 Hence, CSLM does not form a two-dimensional optical image of the specimen as occurs in a 
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conventional microscope.  Instead a conical beam of laser light is scanned through the sample and a non-
imaging PMT is used to measure the interaction with each point in the object of the illuminating probe as 
it is scanned through the specimen.  The PMT measures either reflected light or fluorescence emitted in 
response to the probe.  The image is then generated electronically from a serial signal derived from the 
PMT output.  Additionally, it is possible to connect a sensor beneath the specimen, thereby allowing 
traditional transmission images to be generated and manipulated electronically. 
 The PMT signal is digitised into a computer framestore for live viewing on a monitor and for 
subsequent digital image processing.  The use of a single laser scanning beam allows the formation of two 
or more simultaneous images, using different optical modes.  An image enhancement program can then be 
used to maximise the features of the specimen and to make quantitative measurements of the size and 
volume of image components. 
 The facilities described above allow the following features of CSLM to be exploited for use in 
faecal fragment recognition procedures: 
· Confocality: the images generated by CSLM of faecal epidermal fragments and reference herbarium 
material are devoid of out-of-focus blur and may subsequently be digitally enhanced and recorded in a 
framestore or photographically.  Out of focus regions of the sample appear black and do not 
contribute to the image. 
· Fluorescence: the natural fluorochromes present in plant cell walls make them ideally suitable for 
CSLM which is especially designed to detect such markers. 
· Three Dimensional Imaging:  CSLM enables non-invasive high resolution cellular tomography which 
delivers complete in focus three dimensional images by the generation of stereoscopic image pairs, 
permitting results to be transformed, quantified and rotated (Brakenhoff et al. 1985).  The scanning 
laser beam is able to optically section (in both the traditional x, y horizontal plane as well as the x, z 
vertical plane) the specimen by beam scanning at preset µm intervals and as the images from this 
scanning process are generated they are stored digitally. The stored images can then be superimposed 
and summed or subtracted to give 3D images which can be directly displayed (Wijnaendts Van 
Resandt et al. 1985). 
 
6.1.2. Image Enhancement 
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 There are commercially available software packages which treat the raw acquired image in such 
a way as to remove noise, exploit shades of grey, assign pseudocolours to various levels of pixel intensity 
and provide quantitative data about sizes, volumes, pixel intensities and distributions. 
 
Table 6.1.2.1. Computer-Aided Facilities of the BIORAD CSLM (Bio-Rad 1993). 
Facility used in Herbarium Facilities not used in Herbarium 
Image measurement.  
RGB video output (512 lines).  
Three output lookup tables for pseudo colour 
display.  
Overlay planes for text annotation and cursors.  
Real time signal averaging and Kalman filtering.  
Control of image acquisition, orientation, contrast, 
storage and display.    
Height-coded contrast, edge enhancement. Image 
crisping.  
21 megabyte (MB) “floptical” disc drive for image 
storage.   
Colour video copier for hard copy 
Motor driven precision focussing.  Computer aided 
“non resolute” magnification.       
On board high speed digital processor.  
768 X 512 pixel image store.  
3-D display, visualisation and animation.  
Arithmetical operations.   
Maximum brightness projection. 
X-Z sections at any line scan.  
The merging or superimposing of two images.  
Images digitised to 8 bits. 
 
 
 
 
 
 
 
 
 The image generated from the PMT and observed live on a colour monitor is a 256 shade of 
grey monochromatic image whose finer distinctions cannot be discerned using the human eye.  However, 
an image processor can be utilised to intensify these differences and to assign pseudocolours to them. 
Pseudocolours are assigned via various look-up tables which emphasise particular characteristics of the 
monochrome image.  The processor’s facilities are described in Table 6.1.2.1. and those features that 
were found valuable in the compilation of a CSLM herbarium are indicated.  
 
6.1.3. Database Management 
 Determining diets by microscopy involves the creation of a reference herbarium of enlarged 
microscopic images.  This has usually been done by the production of hard copy photographic records of 
the appearance of known epidermal samples which have been previously treated to remove mesophyll 
(Norbury and Sanson 1992; Storr 1989). 
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 Such procedures are adequate when the number of plant species in the reference collection is 
small.  Low diversity of plants in the field may be experienced by macropodids in semi-arid environments 
or in agricultural ecosystems which are often managed with a sustainable monoculture as the objective.  
The Coranderrk Reserve is a remnant bushland ecosystem (see chapter 3 and 4) which is floristically 
very diverse so that the citation data had to be managed in a fashion that allows proper referencing and 
immediate recall.  A computer database system is a means whereby such an objective can be achieved. 
 The reference herbarium described in this chapter consisted of 233 species of plants.  Both the 
upper and lower surfaces of each of these species as well as the stem epidermis in several cases were 
examined.  Although hard copy, video colour pictures were printed and collated for hundreds of these 
images, it soon became apparent that this assemblage of simulations was too vast to be able to manage in 
the recognition of epidermal fragments in faeces from memory alone.  The assistance of a database 
facility was an obvious answer. 
 A database utilises the memory of a computer to store information which can easily be created in 
the form of predetermined record formats, organised according to different descriptive models, sorted 
according to instructional criteria, recalled on demand and printed as a report. 
 A facility such as this is ideal for the management of the information gathered in the collation of 
the data generated during the creation of a CSLM herbarium.   
 
6.2.  Methods 
6.2.1. Specimen Collection and Ide ntification 
 Fifty one weekly specimen collection visits to the Coranderrk Reserve were conducted.  
Angiosperm plant specimens were collected throughout the year as they came into flower.  Non-
flowering species were collected opportunistically.  This enabled identification to be more precise and 
staggered the laboratory clearing and staining procedures. 
 Appendix 1 lists those species which have been found in the Coranderrk Reserve by others over 
20 years.  Many of these species were not seen during the floristic inventory (see Chapter 4).  It would 
have been ideal to have found each of these species if possible, and to have included them in the CSLM 
herbarium.  Judicial choices needed to be made about which of these species would be included in the 
reference collection.  It was clearly important to include as many plant species as possible that were a 
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potential food source for macropodids. 
 Mature specimens of large trees, particularly of the Eucalyptus genus are unavailable for 
ingestion by macropodids because the leaf canopy is normally out of reach.  However, recruitment of 
these species has been noted as being absent (McMahon and Carr 1991) in the Coranderrk Reserve 
and this may be due to browsing pressure upon seedlings by macropodids (see Jarman et al. 1991).  
Seedling leaves from these trees were therefore included in the collection. 
 Some species found in the Coranderrk Reserve are relatively rare and represent small 
proportions of the available feed biomass.  These species have been detected in previo us studies but 
many did not appear in the floristic inventory described in Chapter 4.  These plants were excluded from 
the reference herbarium. 
 Some plant species of the Coranderrk Reserve are physically unavailable for macropodid 
consumption because of the niche occupied.  Mistletoes (Amyema spp.) tend to occupy upper arboreal 
sites and many of the species found in the swamp communities are surrounded by water. 
 A floristic inventory of the Coranderrk Reserve (Chapter 4) was performed for this study and it 
documents the more common species of the Coranderrk Reserve all of which were included in the 
reference herbarium. 
 Using the above criteria 233 species were collected for the reference herbarium. This 
represented 41% of the Coranderrk Reserve’s flora (McMahon and Carr 1990).  Rare species listed by 
McMahon and Carr (1989) were not included.  As a result the plants collected were estimated to 
comprise > 90% of the available forage biomass. They represented most of the plant food available to 
macropodids in the Coranderrk Reserve. 
 Usually, the plant material collected for inclusion in the reference herbarium was leaf matter.  This 
occurred in most dicotyledons where the leaf material contributed the bulk of the plant’s biomass.  Stem 
was included when its biomass was substantial and this usually occurred with graminoids. 
 Plant matter was collected every week for 51 weeks, sealed in a plastic bag with an identifying 
tag, placed in 0 - 4° C refrigerator overnight, identified and prepared for microscopic observation the 
next day. 
 
6.2.2. Laboratory Treatment of Plant Tissue  
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 The abaxial, adaxial and sometimes the stem epidermis was prepared and digested to remove 
mesophyll according to the method of Norbury (1987), using 4% sodium hypochlorite (undiluted 
household bleach ,“White King ™”) as the clearing agent. 
 The leaves and stems were stripped of their abaxial and adaxial epidermis where appropriate, 
using forceps and a scalpel.  Specimens were then cut using scissors into approximately 1 x 1 mm 
fragments.  These fragments of leaf were then placed in a Petri dish for digestion and covered with the 
sodium hypochlorite solution.  Digestion was performed because mesophyll is usually totally removed by 
the macropodid digestive process and is found to be unhelpful in the microscopic identification process. 
 Attempts were made to clear specimens using more traditional methods (Martin 1955; Stewart 
1967; Halford et al. 1984 a, b).  These methods rely on the use of concentrated acids.  It was found 
impossible to exert fine control over the digestion process using such techniques, and samples of delicate 
species such as maidenhair ferns (Adiantum aethiopicum) were found to be digested beyond 
recognition in very short periods.  The decision to use sodium hypochlorite for all species meant that 
some specimens had to be treated for very long periods of time (up to 20 h for example in 
Xanthorrhoea spp., see Appendix 2).  Digestion times varied, depending on the cuticular nature and the 
mesophyll content of the specimen and were recorded.  After digestion was complete, the plant 
fragments were washed in a 0.016 mm2 mesh size sieve using tap water to remove excess sodium 
hypochlorite solution. 
 
6.2.3. Staining Techniques 
 After washing in the sieve, the cuticular fragments were placed in a Petri dish for staining.  Plant 
cell walls, being the most resistant to digestion, are generally the only recognisable remnants of plant cells 
in faeces.  It is therefore this component of the plant cell whose major indumentum features need to be 
demonstrated by appropriate histochemical microtechniques (Hewson 1988).  Leaf epidermis cell walls 
are composed largely of cellulose (Foster and Gifford 1974).  
 Sass (1958) recommends the use of the following stains for light microscopy of cellulose cell 
walls: Haematoxylin (CI 75290), Fast Green FCF (CI 42053), Aniline Blue (CI 42755), Bismarck 
Brown Y (CI 21000) and Acid Fuchsin (CI 42685).  For lignified cell walls the best stains are Safranin 
O (CI 50240) and Gentian Violet (CI 42555) and for cutinised cell walls Safranin O, Gentian Violet and 
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Erythrosin (CI 45430). 
 The delicate nature of plant cells, and the necessity to treat them with care is reflected by the 
observation that leaves are easily damaged during processing by apparently minor mishaps (Sass 1958).  
It is therefore often recommended to fix and stain specimens in duplicate (Jensen 1962).  However, it is 
the mesophyll which suffers from this sensitivity, and for the purposes of microhistological preparation, in 
this instance, the leaves were deliberately treated with an oxidising agent (sodium hypochlorite) to remove 
this mesophyll.  Duplication of reference slides because of the danger of chemical damage was not 
performed. 
 The stains used needed to accentuate the fluorescent characteristics of the cellulose components 
of cell wall remnants, as excited by laser light in CSLM.  The two classic histochemical cellulose tests 
(zinc-chlor-iodide and iodine/potassium iodide/sulfuric acid) described by Jensen (1962) are based on 
the observation that iodine accumulates between the cellulose molecule after the native structure of the 
molecule has been disrupted by the action of an acid on the hydrogen bonds, which maintain molecular 
structure.   Such vigorous treatment may also disrupt important diagnostic features, and was therefore 
deemed to be inappropriate in this study. 
 Although Gentian Violet was used as the stain in this study, several other options were 
considered. 
 Aniline blue is a widely-used histochemical test for the presence of forms of cellulose in plant cells 
(Johansen 1940).  When the fluorescence of this dye is observed in ultra violet light, it provides a 
sensitive stain for the presence of callose which is far more effective than simply observing its colour in 
visible light (Currier 1957). 
 Lillie (1977) recommended using of Malachite Green (CI 42000) as a counterstain for the 
cellulose component of plant cell walls in combination with Safranin O.  This staining regime is complex, 
but well suited to light microscopy.  It does not, however, accentuate the auto-fluorescent characteristics 
of cellulose as seen in CSLM. 
 Clark (1981) suggests enhancing the autofluorescence of lignins by the use of in vivo  staining 
with optical brighteners (Calcofluor White M2R. CI 40621). Although this technique would benefit the 
objectives of this exercise, it requires the cultivation of the herbarium plants in controlled laboratory 
conditions and was beyond the scope of this work.    
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 It was apparent from the literature that a universal stain for cell walls which would be suitable for 
CSLM microcopy and which could be consistently and easily applied was not available.  At best, only 
stains involving Gentian Violet or its derivatives appeared to apply to both lignified and cuticle-protected 
cell walls.  
 Several stains were therefore examined for their ability to meet the criteria demanded by these 
experiments.  A range of lignified, non-lignified and cuticle-rich epidermal specimens, as well as plant 
fragments from macropodid faeces, were initially treated, with a variety of stains, in trial experiments for 
60 s in Petri dishes. After staining, excess stain was removed by washing in the sieve with running tap 
water, and the fragments were then picked up with forceps, placed on a microscope slide, mounted in a 
drop of corn syrup (“Karo ™”) and covered with a glass cover slip.  The edges of the cover slip were 
sealed using clear nail polish.  This method of specimen preservation produced excellent optical 
characteristics for laser and light microscopy with acceptable levels of resolution under oil immersion 
lenses.  After one year, fragments had retained their microscopically visible diagnostic features.   
Decomposition of the epidermal fragments under the cover slip is presumably limited by the biocidal 
action of the sodium hypochlorite and the stain and the osmotic gradient provided by the corn syrup.  
 
6.2.4. Confocal Scanning Laser Microscopy  
 Mounted specimens were examined using epifluorescence, reflectance and transmission modes in 
a Biorad MRC- 600 confocal scanning laser microscope using an Argon ion laser.  
  This system consisted of a Nikon research-grade optical microscope attached to a number of 
peripherals and operated as per Vardaxis and Brown (1988):   
· an Argon ion laser operating at a wavelength of 488 nm was used as both the illumination and 
excitation source for the specimen. 
· an optical scan unit was employed. This made it possible to scan with the laser beam in the X and Y 
axes every 0.125 s..  The stage remained immobile during this process. 
· a series of detectors and photomultipliers fed the detected signal into a computer, where they were 
assembled into an image by means of a frame buffer. 
· a computer system (IBM compatible) with software created specifically for the microscope (Nimbus) 
was used to drive the microscope and then manipulate and store the acquired data. 
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 Magnification was usually at X 100.  However, oil immersion lenses were used to obtain higher 
magnification (X 1200) when finer details of cytoplasmic histology were required.  The non-resolute 
electronic magnification facility was also used. 
Two PMT’s were used in the microscope as follows: 
· a confocal epifluorescent image in channel 1 or channel 2, where fluorescence within the specimen 
was detected at two different wavelengths (520 and 600 nm). 
· a confocal epireflection image, where the PMT records information from structures in the specimen 
reflecting the light beam which may be unrelated to fluorescence. 
· a non-confocal transmission image in channel 2, where the whole of the specimen acts as a filter for 
the light beam and the remnants of this beam are recorded electronically below the specimen.  
· any pair of these images obtained simultaneously via the two channels. 
 Electronic noise was removed from the plant epidermal images by applying Kalman filtering (the 
averaging of images).  The image so obtained was then stored electronically and developed as a hard 
copy on a video printer.  The hard copies were retained in record books, and the appropriate 
classification information and cuticular features were noted beside the photographs. 
 The digitalised version was stored on the computer’s hard disc and backup copies were stored 
on 21 MB flopticals as well as 1.8 MB double-density discs.  These data were assembled to form a 
CSLM herbarium of epidermal images. 
 Details of the epidermal arrangement and structure were recorded on a “Claris ®”database on an 
Apple Macintosh PowerMac personal computer.  This system of data acquisition enabled the 
organisation of data as it was accumulated, but more importantly, it enabled the rapid recall of this 
information when fragments of epidermis of faecal origin needed to be identified.  A database entry was 
prepared for every species of plant that was examined and included in the herbarium. 
Each species of plant was accorded a separate entry in the database with the following fields: 
· Plant number 
· Monocotyledon, Dicotyledon, other 
· Family name: Genus name: Species name  
· Common name  
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· Trichome features  
· Epidermal cell features  
· Stomatal characteristics  
· Transport systems  
· Ease of digestion  
· Unusual features (cuticle, glandular features, special arrangements). Length and area measurements 
were recorded in this field 
 
6.3.  Results and Discussion 
6.3.1. Digestion Times for Plant Epidermis 
 There was variatio n in satisfactory digestion times required for the 233 species of plants used.  
Generally, plant material could be categorised as belonging to one of three types: 
· Hardy plants with high silicon content in their epidermis but generally containing only a narrow 
thickness of mesophyll. These plants could simply be cut into small fragments and digested as such 
and were found to require digestion periods in excess of 1.5 hrs. Examples of such species were most 
of the grasses (Poaceae spp.) and the reeds (Juncaceae spp.) 
· Fragile plants with a thin epidermis. These required digestion periods of minutes, after fragmentation. 
Dianella tasmanica, Caladenia catenataa and Adiantum aethiopicum are examples of such 
plants.   
· Plants that had substantial layers of spongy mesophyll with a hardy epidermis. The epidermis had to 
be separated from the mesophyll physically prior to digestion.  Digestion times were then reduced to 
less than 6 hrs and the digestion became more effective. Eucalyptus spp. leaves and Acacia spp. 
phyllodes are examples of specimens obtained from these plants.  
 Appendix 2 lists the species which formed the herbarium and their digestion times.  A full 
inventory of the plants of the Coranderrk Reserve is provided as Appendix 1. 
 
6.3.2. Staining 
 Observations using the following stains were recorded  
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· Sudan IV: (saturated solution of Sudan IV in 70% ethyl alcohol: Gomori 1952):  The Sudan stains 
operate because of their selective solubility in the lipid/phospholipid material of the cell/cell wall with 
the lipids accumulating the dye.  Sudan IV is soluble in organic solvents, as is the lipid of the plant cell 
(Jensen 1962), and hence the cell must be protected against such a reaction if a loss of cell lipid is to 
be avoided.  Despite these disadvantages, several species were examined for their ability to respond 
to this stain. In every instance Sudan IV provided very little clarification of cell indumentum, and in fact 
revealed a lack of lipid in the specimens.  This is probably because the digestion treatment hydrolyses 
most of the lipids in the plant epidermis.    
· Safranin O: (1% in 95% ethyl alcohol diluted with an equal amount of distilled water, as used by 
Jarman and Phillips (1989) and  Smith and Shandruk (1969) for the staining of reference material as 
well as faecally-derived epidermal fragments). Ellis et al. (1977) used a 1% solution in 50% alcohol 
for two days.  This stain has as its chromophore a quinonoid ring structure, and is a basic dye which 
enables the efficient staining of acidic cellular material such as nucleic acids (Baker 1958). It was 
found to be effective in staining lignified cell walls only, and demonstrated remaining nuclei especially in 
the guard cells well.  In normal light microscopy these cellular features appeared red.  Hansson (1970) 
found this stain to give good contrast.  Safranin O acted as an excellent counterstain for some 
specimens, especially those which have stomata of a diagnostic nature. 
· Toluidine Blue: Metachromasia is a feature exhibited by certain polysaccharides in response to staining 
with Toluidine blue (Lillie 1977), and it was thought that this could have been exploited.  Similarly, 
Toluidine blue (0.25% in 70% acidified ethyl alcohol) is often used for resin-embedded plant tissue 
and as a vital stain of plant vacuoles, protoplasm and cell walls (Stadelman and Kinzel 1972).  This 
stain did not consistently improve the autofluorescence of cellulose cell wall components in CSLM, 
but was effective as a stain in light microscopy.  
· Eosin: This stain is a fluorochrome and was considered to have potential because of this characteristic.  
It demonstrated variation in its ability to bind to epidermis of the various plant species with moderate 
fluorescent and light microscope characteristics for some, and almost a complete absence of staining 
with others.  Because of this inconsistency, eosin was rejected for these experiments. 
· Evans Blue:   This dye is most commonly used as a vital dye for distinguishing between live and dead 
diatoms and other small biota components (Crippen and Perrier 1977).  The capacity of live cells to 
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accumulate this dye is not helpful in these experiments.  However the observation that Evans Blue, 
when combined with certain proteins, produces fluorescence (Hamberger and Hamberger 1966; 
Steinwall and Klatzo 1966) was investigated for its potential in herbarium construction.   Evans Blue 
did not increase fluorescence in CSLM and its ability to bind to remnant plant cell walls for light 
microscopy was almost absent. 
· Gentian Violet: (AKA Methyl violet) (Jensen 1962) produced the most consistent fluorescent 
response, in agreement with Goodwin (1953), on the part of the cellulose component of the plant cell 
walls.  Similarly, Gentian Violet demonstrated excellent consistency in its ability to bind with epidermal 
fragments for light microscopy.  This stain was also the stain of choice for the light microscopy of 
Norbury (1987).  The staining time was extended from 5 secs (Norbury 1987) to 60 secs to ensure 
saturation of the more lignified species.  
 Table 6.3.2.1. summarises the observations made in a qualitative fashion. It was concluded that 
Gentian Violet was the most appropriate stain for this experiment, and this staining regimen was adopted 
for all species, regardless of the time that had been spent clearing in sodium hypochlorite.   
 In classifying plants in the reference herbarium normal macroscopic morphological characteristics 
were used to define all of the collected specimens to species level.  At the microscopic level, no attempt 
was made to examine closely-related plant epidermal preparations for phylogenetically allied structures, 
shapes or arrangements. Each specimen was individually examined representing its species. 
 
Table 6.3.2.1. Comparative Effectiveness of Stains with Epidermal Fragments. 
 Type of Microcopy 
Stain Light CSLM 
Sudan IV + 0 
Safranin O +++ + 
Toluidine Blue ++ + 
Eosin 0 + 
Evans Blue + 0 
Gentian Violet +++ +++ 
The results were qualitatively judged for effectiveness on the basis of the ability of the stain to produce a 
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consistent strong staining reaction in plant epidermis obtained from fresh plant specimens and 
macropodid faeces. 
      0 = Little or no staining reaction  ++ = Good staining reaction 
     + = Poor staining reaction   +++ = Excellent staining reaction 
 
              
  
 It is well known that epidermis of the living plant is capable of responding to different 
environmental conditions by altering its shape, cuticular thickness, stomatal density and trichome 
distribution (Juniper 1960).  This finding has significance for the current study, because plants of the same 
species were widely distributed over the range of communities, so epidermal surfaces from the same 
species growing in different micro-environments might exhibit varying densities and/or appearances of 
their microscopic features.  In addition the herbarium was created in 1991 and the scat specimens that 
were examined were collected in 1997/1998.  The growth, disease, competition and herbivory pressures 
exerted on plants will have a spatial and a temporal dimension and this may affect appearance. 
 This proposition was tested by collecting five species from three communities in February 1998.  
The five species were randomly selected from a list of species that were common to all three 
communities.  The communities were selected because they represented the three different dominant 
canopies found in the Coranderrk Reserve.  Leaf specimens were digested and stained in the same way 
as specimens in the reference collection.  They were then examined using CSLM and their features 
compared to the original reference slides.  The communities used were The Candlebark woodland (ER), 
the Badger Creek Floodplain (EA) and the Messmate woodland (EX).  The plant species examined 
were Clematis arista, Coprosma quadrifida, Hypochoeris radicata, Oxalis exilis and Viola 
hederacea. 
 Although there were minor differences in the density and size of characteristic epidermal features 
(e.g. cystoliths and trichomes) there was an overwhelming consistency between the shape of these 
elements from one community and time period to another. The ability of laser energy to photo-
ablate sections of stained specimens as they were scanned was a problem that was observed in these 
observations, and appeared to act consistently with all of the stains examined.  The usual treatment for 
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light induced damage to fluorochromes is to remove molecular oxygen by the addition of anti-fade, anti-
oxidant agents (Johnson et al. 1982) to the mounting medium.  Because of the carcinogenic nature of 
such compounds (p-phenylenediamine, Sigma Chemical Co.), and because the amount of specimen was 
not a limiting factor, this technique was not employed.  The problem was to some extent solved by 
minimising the number of laser head scans that were required to produce an image. This number was 
usually set by the Kalman filtering facility which required 12 - 25 scans to remove electronic noise from 
the image.  Even if sections of the specimen were ablated, there was always sufficient surface area of 
specimen remaining to enable the examination of fresh portions. 
 
6.3.3. Reference Collection 
 Database information from each species on the basis of those features present in one abaxial, 
adaxial and stem slide was accumulated.  One slide was made of each specimen, although this meant that 
three slides of the one species may have been prepared, as the abaxial, adaxial and stem epidermis were 
included. 
 This protocol resulted in the preparation of 431 standard plant specimens mounted on 
microscope slides for examination. 
  
6.3.4. Plant Surface Features 
 All plant leaf surfaces examined were found to be covered in cuticle. This is the polymer-based 
protection system overlaying the cellular structure of the plant and was responsible for the resistance to 
digestion experienced with many species (Juniper and Jeffree 1983).  The appearance of the cuticle 
ranged from very thick and layered to thin and fragile.  The cuticle was most apparent in perennials, 
which survived digestion very well.  Thinner and less obvious cuticle was present in annuals, which were 
considerably more fragile because of this, in agreement with the findings of Storr (1961) and McInnis et 
al. (1983). 
 In some instances, cuticle was so thick and water repellent that it prevented penetration by the 
clearing agent, and had to be scraped away using a scalpel.  In any event, cuticle was removed by the 
digestion process, and hence its value as a characteristic capable of being used for identification purposes 
was limited. 
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 The plant epidermis lies adjacent to the cuticle.  The shape and structure of the epidermal cells 
that form this layer were similar within one species, but varied from species to species.  These cells were 
generally clustered and tightly packed in shape and organisation.  They exhibited various degrees of 
functional development (e.g. as guard cells), interlocked tightly with adjacent epidermal cells and 
contained very few plastids or chloroplasts.  The outer wall of these cells was occasionally found to be 
thicker than the others and sometimes lignified. It often contained inorganic crystals of silica and calcium 
carbonate (cystoliths). 
 Stomatal complexes were observed in all plant preparations, and their shape, size and distribution 
over the epidermis was noted as a feature for  identification.  The position of the stomata (raised above, 
at the same level or sub-epidermal) relative to the remainder of the epidermis was also noted and entered 
into the database.  Similarly, relative numbers of stomata was recorded. The shape and size of the guard 
and subsidiary cells of the stomata were also found to be useful diagnostic features. 
 Trichomes occurred on many species and their appearance was helpful as an identification aid.  
The area and length measuring capacities of the image acquisition system were used to quantify trichome 
shape and size.  The hair cells, which formed the trichomes, most often protruded from the epidermal 
surface, although sometimes the leaf was involuted creating an internal cavity, which in turn housed the 
trichomes. 
 Not as valuable, but nevertheless noted, were the various plant emergences: folds, depressions 
and glands which were seen to originate from both the epidermis and the sub-dermal cells. These 
emergences were characteristic of their species of origin and were consistent from one specimen to 
another.  Furthermore, these structures rarely appeared intact in the fragments that were later examined in 
macropodid faeces, and this observation diminished their usefulness as diagnostic aids in this series of 
experiments. 
 Several other unique identifiers were noted during microscopic observations, and were 
considered to have the potential for assisting in epidermal fragment identification.  These characteristics 
were recorded, often after high power oil immersion observations, and they included such features as bi-
nucleate guard cells, small oil and other storage glands, the presence of secretory glandular tissue, and the 
manner in which particular arrangements of cells conferred distinctive shapes and structures upon the 
epidermis. 
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 Plates 6.3.4.1 and 6.3.4.2. represent images generated by the CSLM system.  Plate 6.3.4.1. is 
an epifluorescent image which demonstrates the elimination of out-of-focus blur with the red and yellow 
colours representing areas with high fluorescence.  This fluorescence, characteristic stomata in 
combination with the confocality enable a rapid diagnosis of the plant species of origin to be made for this 
fragment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 6.3.4.1. Characteristic “walnut” shaped stomata amongst the adaxial epidermis of Adiantum 
aethiopicum. 
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Plate 6.3.4.2.  Abaxial epidermis of Indigofera australis showing combination of short trichomes and 
rosette shaped foldings encasing stomata within protected crypts. 
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 Plate 6.3.4.2. is a transmission image and although it does not demonstrate confocality, this is not 
a disadvantage because of low magnification.  The three-dimensional nature of the image and the 
characteristic trichomes of this species are apparent. 
 
6.3.5. Database Management 
 When macropodid faeces were examined using CSLM for epidermal fragments of Coranderrk 
Reserve plants (see Chapter 7) the structural features observed were entered into the database. The 
program was then run to search for a match in the existing store and in most cases no more than three 
possible identification conclusions were produced.  Often the information was sufficient to generate a 
single identification result, which could then be checked for veracity against the image that was stored in 
the hard copy or electronic reference herbarium. 
  At this stage, it was then possible to examine the unknown fragment more closely, obtain more 
specific information about it, and hence narrow down the identification process even further.  
Alternatively, it was possible to recall the original reference image from the computer’s memory and/or to 
examine the hard copy produced by the colour video copier.  The use of digital storage systems enabled 
the rapid recall of this reference material. 
 As expertise was developed, electronic memory facilities were relied upon less, and it was 
possible to recall the name of the unknown fragment because of this experience without reference to the 
database.  This was especially true of commonly encountered species.  A similar experience would have 
been encountered had traditional photographic databases been used.  This does not devalue the 
usefulness of the database, because it was the accumulation and utilisation of the database which was 
largely responsible for this learning to occur.  Nevertheless, the database was found to be essential 
throughout the identification process, and was constantly used to identify fragments of plants that were 
encountered irregularly. 
 
   
 
6.4.  Conclusions  
 The accumulation of leaf and stem material from plants representing possible forage in the 
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Coranderrk Reserve was described as a reference herbarium.  A requirement to remove extraneous 
plant matter from the plant material by the use of oxidative laboratory digestion procedures was 
documented and the differential digestion times recorded. 
 Simple staining regimes which could be applied universally to reference plant and faecal 
specimens were examined and a successful technique capable of exploiting the fluorescence-inducing 
capacity of laser light was described. 
 The features of stained epidermis from reference plant material were observed using CSLM and 
itemised and those specific features found to be most helpful in identification procedures were described. 
 The management of this data was accomplished by the use of three tools: 
· a collection of hard copy photographs.   
· an electronic database describing, qualitatively and quantitatively, the observed epidermal features. 
· an electronically stored library of images. 
  The data were assembled so that they could be used to the identify unknown epidermal 
fragments as they were encountered in macropodid faeces.  Definitive experiments to assess the accuracy 
and speed of the CSLM process against conventional light microscopy were not performed.  However, 
the organisation of the information into an electronic image library and database, and the confocality of 
the microscope, were the two factors found to be most helpful in the diagnostic process.   
 Using CSLM and a database tool to identify epidermal fragments in the faeces of mammals, for 
the purposes of estimating dietary components, is a novel methodology which was used successfully for 
macropodids in the Coranderrk Reserve. 
 The following chapter describes how the Confocal Scanning Microscope Herbarium was used to 
assist in the determination of macropodid diets. 
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CHAPTER SEVEN 
 
MACROPODID DIET IN THE CORANDERRK RESERVE 
Abstract 
 CSLM was used to identify the epidermal fragments of plant species found in the faeces of 
Eastern Grey Kangaroos and Black Wallabies.  Faeces were collected in July, December and February 
from ten communities frequented by macropodids, in the Coranderrk Reserve. 
 Faeces of Eastern Grey Kangaroos contained proportions of plant fragments which were 
spatially and temporally similar.  The content of Black Wallaby faeces varied with sampling period and 
deposition site and this variation reflected the available forage within their home ranges. 
 Eastern Grey Kangaroos selected monocotyledonous plants with low proportions of herbs and 
shrubs.  Black Wallabies were more indiscriminate in their selection of dietary plant species, and selected 
an array of plant species including grasses, determined by the home range in their particular vegetation 
community. 
 Dietary resource partitioning by the macropodids is a dynamic and fluid relationship which is 
dependent on field plant abundances.  Dietary overlap was therefore significant in some communities of 
the Coranderrk Reserve and almost absent elsewhere.  Where significant overlap occurs Black 
Wallabies had apparently foraged in the selected feeding habitats of the Eastern Grey Kangaroo. 
 
7.1.  Introduction 
Diet Selection by Macropodids in the Coranderrk Reserve  
 The problems associated with the microhistological analysis of faeces for the determination of diet 
and diet selection have been discussed in section 2.4.  They were addressed in the Coranderrk Reserve 
as follows: 
 
7.1.1. Feeding Site Location and Faecal Pellet Contents   
 The utilisation of communities by macropodids in the Coranderrk Reserve was estimated from 
the distribution and abundance of macropodid scats (Chapter 5). Because a considerable time period 
elapses between the ingestion of plant material by a herbivore and the appearance of its remnants in 
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faeces (Norbury and Sanson 1992), it is possible that epidermal fragments discovered in the faeces 
found in a particular Coranderrk Reserve community were derived from species not necessarily eaten 
there.  If selection is to be estimated then it is necessary to know where the food was eaten.   
 At various times of the year, Eastern Grey Kangaroos were absent from, or rarely present in, 
certain communities.  The vegetation in these communities can be eliminated as a potential food source.  
In particular, Eastern Grey Kangaroos concentrated their feeding activities in three communities: The 
eucalypt plantation KP, the Badger Creek floodplain EA and the Candlebark woodland ER. 
 The distribution of Black Wallabies was more widespread than that of Eastern Grey Kangaroos 
(Chapter 5).  Home range data assist in solving the problem presented by this homogeneity.  The home 
range of Black Wallabies in the Coranderrk Reserve has been established (Edwards and Ealey 1975; 
Troy and Coulson 1993).  Home ranges were found to lie between 4.5 ha for males and 7.2 ha for 
females by Edwards and Ealey (1975) and between 16 and 10 ha using the minimum convex polygon 
method and 2 -5 ha using the 50% isopleth method by Troy and Coulson (1993).  Both papers report 
considerable home range overlap.  The population of Black Wallabies during the present study was 
significantly higher than during the home range work referred to (Chapter 3).  Even if Black Wallabies 
were able to maintain home ranges of the size referred to by these authors during high population periods 
and compensate by increasing home range overlap, they will not obtain their food species from an area 
greater than their home range by definition.  With this information, it is possible to make an assessment of 
food plant abundances in the areas where feeding occurs.  If the largest recorded home range of 16 ha 
(Troy and Coulson 1993) is taken, then home range area will not exceed 10% of the Coranderrk 
Reserve and hence some of the plant communities can be eliminated as potential food sources for any 
particular Black Wallaby.  This will depend on the shape of the community and the shape of the home 
range. 
 Measurements of field biomass, plant species abundance and cover were made at the time the 
scats were collected (Chapter 4).  Since the scats collected for CSLM were fresh (< 5 days old) it is 
reasonable to assume that the plant abundance measurements represent the food species available to the 
macropodids at the time the faeces were formed. 
 
7.1.2. Differential Digestibility of Coranderrk Reserve Plant Species 
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 The Eastern Grey Kangaroo has a well developed sacculated middle (tubiform) portion of the 
forestomach and Black Wallabies have an enlarged sacciform forestomach (Sanson 1978, 1989; Hume 
1982).  Although macropodids are regarded as non-ruminants, they do regurgitate their food to some 
extent (Halford et al. 1984a).  Eastern Grey Kangaroos and Black Wallabies may differentially digest 
their food and this will affect the recognisability of epidermal fragments in their faeces. 
 Differential in vivo digestibility between plant species is also a source of error which cannot be 
accounted for by MPQA.  The problems presented by these phenomena were addressed in two ways. 
1. Plants can be grouped according to the thickness of their cuticle and silicon content.  These leaf 
characteristics will protect the plant against the impact of mastication and digestive juices, and enable 
broad categories of differentially digested plants to be derived. 
2. Each of the 233 plant species accumulated in the CSLM herbarium was digested in sodium 
hypochlorite (Chapter 6 and Appendix 2).  The plant fragments were left in the digestion solution until 
all green mesophyll had disappeared.  This resulted in a range of clearing times (0.5 - 28.0 hrs) which 
was directly related to the ability of the sodium hypochlorite solution to penetrate the tough cuticle of 
the plants.  These digestion times provided an index of the digestibility of each species which did not 
account for the mechanical differences provided by the macropods teeth and gut. 
 
7.1.3. Identification of Faecal Pellet Contents 
 The CSLM technique enabled most epidermal fragments in macropodid faeces to be identified at 
least to genus level.   Fragments that were easily identified were poorly digested and hence maintained 
their histological integrity.  Hence the differential identifiability discussed earlier (Section 2.4.4.1.) is at 
least in part, a function of digestibility.  
 
7.2.  Methods 
7.2.1. Faecal Pellet Collection 
 Faecal pellets from Eastern Grey Kangaroos and Black Wallabies were collected from the ten 
Coranderrk Reserve communities previously described (see Chapter 4).  Collections were conducted 
from 7-11 July 1997, 8-12 December 1997 and 16-20 February 1998, corresponding to pellet 
collections used to identify community selection (Chapter 6) and to the floristic inventory (Chapter 4 and 
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Appendix 1). 
 Sampling sites were chosen as described in Chapter 4.  The central 78.5 m2 sampling site which 
had been used to estimate vegetation cover and abundance (Chapter 4, Section 4.2.3) was also used to 
collect pellets for CSLM.  Pellets were identified as having been produced by Eastern Grey Kangaroos 
or Black Wallabies according to the criteria described in Chapter 5, Section 5.2.1. 
 Only fresh pellets were collected for this study.  Freshness was indicated by the presence of a 
thick, shiny mucous layer over the whole of the pellet.  If this layer was absent or had dulled, the pellets 
were not included.  From the observed disappearance rates of mucus, it was estimated that the maximum 
age of collected pellets was five days.  All fresh pellets were collected from the sampling sites, resulting in 
a collection which ranged in size from 0 to 28 pellets for each species and each site.  Any leaves, twigs or 
plant matter attached to the scats was removed prior to collection.  The pooled scats from each plot and 
each species were immediately immersed in 70% ethanol and placed into individual labelled plastic-screw 
topped containers. 
 
7.2.2. Laboratory Treatment of Faecal Pellets 
 In the laboratory, the pellets were refrigerated at 0-4° C.  The scats were then prepared for 
CSLM over several weeks as follows.  All pellets were removed from each container.  One pellet from 
each container was randomly selected for processing and pooled with other randomly-selected pellets 
from the same community and macropodid species.  The pellets were dissected using a scalpel to remove 
a cube (approximately 1cm3) from the central portion.  It was assumed that a central section would have 
been subjected to less dehydration and decomposition after deposition than the outer sections. 
 The dissected cubes were then placed in a Petri dish where they were mixed and physically 
disintegrated using a probe and a scalpel.  The disintegrated material was then covered with 4% 
household bleach (White King™: sodium hypochlorite) and left to digest without agitation at room 
temperature for 1 hr.. 
 Faecal pellets spend up to 30 hrs undergoing digestion in the macropodid’s gut (Coulson pers. 
comm.) and a short clearing time in sodium hypochlorite is therefore required.  Experience indicated that 
for both Eastern Grey Kangaroo and Black Wallaby pellets, one hour of clearing was sufficient to 
remove surviving mesophyll without the loss of identifiability.  It was found that partial clearing had 
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occurred after 30 min and that after 3 h some loss of structure became evident, especially in Black 
Wallaby scats.  A 1 h period was considered satisfactory. 
 The contents of the Petri dish were transferred to a flat, size 0.016mm2-mesh sieve.  The bleach 
was washed from the fragments under running tap water and the sieve contents returned to a petri dish 
where they were stained with Gentian Violet (Jensen 1962) (1% aqueous for 60 s).  After this period, 
excess stain was removed by a second wash with running tap water in the sieve.  A spatula full of the 
sieve’s wet contents was transferred to a microscope slide, where it was resuspended in a few drops of 
Karo™ corn syrup.  The preparation was covered with a cover slip which was sealed around the edges 
using nail polish. The slides were stored in numbered boxes at 0-4°C. and examined for microhistological 
analysis at a later date. 
 
7.2.3. Microscopy 
 The microscope used was a Nikon research grade compound binocular microscope and it was 
attached to the CSLM system. 
 The counting and identification of fragments is tedious and time consuming.  To determine the 
most efficient method of completing this process several calculations and preliminary tests were 
performed.   
 Following Norbury (1987), Zar’s (1984) formula was used to determine the number of points 
required to estimate proportions of species to be identified: 
Required Number = {Za(2)}2piqj /s2 
where Za(2) = ta(2),  µ = 1.96 (95% confidence limits),   pi = proportion of species I,    
qj = proportion of remaining species and s = error for 95% confidence limits (5% allowed for this study). 
 
Table 7.2.3.1. The number of MPQA points required to estimate the proportions of plant 
species in faecal pellet analysis as given by Zar’s (1984) formula. 
Number of Fragments pi qj 
72 0.05 0.95 
138 0.10 0.90 
245 0.20 0.80 
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322 0.30 0.70 
368 0.40 0.60 
384 0.50 0.50 
 
The numbers in the first column were obtained by substituting the given values for pi and qj  in Zar’s 
formula (Zar 1984): (Required Number = {Za(2)}2piqj /s2 )  
 
               
 
 Table 7.2.3.1. shows that for a plant species contributing 50% to the scat contents, 384 
fragments need to be identified.  For a species contributing only 5%, it is necessary to examine 72 points.  
For this study the proportions of species could be expected to vary from 0 - 50% and the number of 
fragments identified was therefore set at a minimum of 400.  This approach assured an error level of < 
5% and it could be concluded that frequencies which differed by more than this margin indicated 
significant differences in the original fragment population.  In the results and discussion section of this 
chapter the use of the term “significant” is derived from Zar’s formula in this way. 
  Zar’s (1984) formula assumes that the data are collected randomly.  In examining a slide it is 
difficult to randomise the process.  It would be possible to randomly select X and Y coordinates of the 
stage and then find the fragment under the crosshair at these coordinates but this is very time consuming 
and awkward. A systematic examination would be a more practical and valid sampling strategy if the 
distribution of fragments across the slide was random without any clumping. Clumping may be aligned so 
that its periodicity coincides with the systematic sampling strategy and this would lead to significant 
errors.  As a general principle, systematic sampling is a more precise way of estimating population means 
(Fowler and Cohen 1990; Kuzma 1992; Gauch 1982).  
 Norbury (1987) demonstrated that fragments were randomly distributed across a slide and that 
no clumping had occurred.  Since Norbury’s methods of slide preparation were used in this study it was 
expected that a similar random distribution of fragments would be experienced.  This was tested by 
comparing the variance derived from random and systematic sampling of 400 points on the same slide.  
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In this trial the variances from the mean between the two sampling strategies were almost identical (F 
400,400 = 1.06, P = 0.05). 
 It is not possible to estimate variance from a single systematic sample. However, since there was 
no significant difference between systematic and random sampling in this instance, Zar’s (1984) formula 
was used to determine the number of points required to meet confidence limits. 
 Hence, a systematic sampling strategy along a transect on the slide was used to locate fragments.  
At  a magnification of 100 and beginning at the top left hand corner of the slide, the stage was moved one 
field of view (100 mm) at a time along the X axis from the one edge of the cover slip to the other.   It was 
then moved down along the Y axis for 100 mm and an identical line was covered from right to left.  This 
was continued across the slide until 400 (or more) fragments were located.  This procedure gave 
coverage over the whole cover slip.  The possibility that smaller fragments may have been forced to the 
outer edges of the slide was regarded as insignificant since the whole slide was covered by the 
examination.  
 Images were routinely generated using reflectance / epifluorescence / transmission modes.  
Transmission images were generated when little information could be derived from first two modes.  If 
necessary, higher magnification (up to X 1200) oil immersion lenses were used as well as the non-
resolute electronic zoom facility.  Zooming enabled an effective magnification of X 2400 to be used and 
although these higher magnification facilities were rarely utilised they did enable some comparative 
cytology.  This was found to be especially helpful in the examination of guard and auxiliary cell cytology 
which was occasionally used to assist in identification. 
 The information from these observations was fed into the database which then delivered possible 
identification solutions.  Recourse to the original images in the digital reference herbarium was usually 
sought to confirm or select the diagnosis generated from the database. 
 For commonly encountered species which were not difficult to identify, it soon became possible 
to omit the CSLM and database facilities, with the specimens becoming recognisable using the normal 
binocular light microscope only.  As the observer's experience increased, the reliance on database and 
image enhancement facilities diminished considerably. 
 It was not always possible to identify fragments to species level, and this was especially true for 
members of the Poaceae family.  There were several species of the same genera of vascular plants in the 
     157 
Coranderrk Reserve (see Appendix 1).  The CSLM reference herbarium usually only included the most 
abundant member(s) of these genera.  Hence, identification could not be monospecific for these flora 
because the possibility that the fragment was another species of that genus could not be eliminated.  For 
example, there were ten species of the genus Caladenia in the Coranderrk Reserve (see Appendix 1).  
The most abundant of these was C. carnea and this was included in the herbarium.  On examining the 
fragments, the possibility that the species being identified may have been any one of the ten Caladenia 
species could not be eliminated, and it was therefore assigned the classification of Caladenia spp. 
 Some fragments could not be identified to any taxonomic level.  Presumably these represented 
over-digested fragments that must have belonged to existing groups.  It is likely that these fragments were 
derived from softer and less resistant species.  
 The results of these examinations were collated as lists of family/genus/ species with a point 
frequency. A list was compiled for each collection period, each community and each macropodid 
species. 
 
7.3.  Results and Discussion 
7.3.1. Limits of the Study 
 It is not possible to completely reconstruct the diet of macropodids by counting cuticular 
fragments in faeces and apportioning them among plant species (Caughley et al. 1987a).  This is because 
plant species exhibit differential digestibility, they deliver differing numbers of fragments per unit of dry 
weight, and the proportion of fragments that can be identified will vary from species to species.  Hence it 
is not possible to derive selection indices for particular plant species, or for groups of plants.  Similarly it 
is not possible to make conclusions about the absolute proportions of plants in the diet.  However, it is 
valid to assume that for each macropodid species, factors such as identifiability and digestibility will 
remain constant for any plant species over space and time.  It is not expected that a plant from one area 
of the Coranderrk Reserve will be significantly different in its identifiability and digestibility compared with 
another of the same species from another place or time.  It is therefore reasonable to compare changes in 
faecal content and make conclusions about dietary changes that occur.   
The differing ruminant anatomy and physiology between the Eastern Grey Kangaroo and Black 
Wallaby will impact on the survival of plant fragments to the faeces.  It is not possible to quantify the 
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differing effects of combinations of digestive enzymes in the two species.  Given the lack of knowledge 
about the comparative digestive physiology of the two species studied, it is not valid to assume that they 
will exhibit similar digestibility of plant species. 
 Furthermore, the home range of the two macropodid species is quite different (see Chapter 5 
and introduction to this chapter).  Dietary studies will reflect these differences.  In the light of the data 
available about home range (Chapter 5), it is reasonable to consider the complete terrestrial portion of 
the Coranderrk Reserve as being theoretically available to individual Eastern Grey Kangaroos, even 
though it is clear that they do not occupy all sites.  A maximum of 10% of the area would probably be 
available for individual Black Wallabies. 
 Hence when comparing faecal contents with the available vegetation, different strategies for the 
two macropodid species must be adopted.  For Black Wallabies, only that vegetation available in the 
collection area or the immediately neighbouring communities was considered as being available for 
herbivory, whereas for the Eastern Grey Kangaroo the whole of the Coranderrk Reserve was 
considered.  
 
7.3.2.  Temporal Trends  
 The raw data accumulated in the MPQA studies were entered into databases which documented 
actual plant fragment point frequencies.  Since the data were in a proportional form, both tails of the 
distribution will be truncated because they have absolute limits of 0 and 100%.  In this situation errors are 
greatest when the observations are grouped at one end of the scale say, close to 10 or 90% and least if 
they are in the middle (50%).  The data were therefore arcsine transformed for comparative and 
statistical purposes (Fowler and Cohen 1990) and this process eliminated the skewed conclusions which 
can be drawn when proportions are either very low or very high.  The charts displayed in this chapter 
represent arcsine data but discussion reverts to the use of percentages for ease of comprehension. 
 The sampling strategy was stratified according to community and this ensured that each 
community was well sampled. Equal sampling effort strategies were employed over all of these 
communities and hence measurements required arcsine-transformed data for the relative size of each 
community. 
In the charts and tables which follow the nomenclature for communities used is: 
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CL: Piccaninny swamp drainage line.     EA: Badger Creek floodplain.  
EG: Riparian zone.       EM: Red Stringybark  woodland. 
EO: Messmate dry woodland.      ER: Candlebark  woodland. 
EV: Scentbark/Narrow-leaved Peppermint woodland.  EX: Messmate woodland.  
KP: Eucalypt plantation.     CLB: Burnt drainage line 
* Indicates an exotic species or genus    ** Some members of this genus are 
exotic 
# Fresh faeces not found in this community 
 
Fig 7.3.2.1. Arcsine Transformed Proportions of Plant Compartments in Eastern Grey 
Kangaroo Faecal Pellets over the Seasons Obtained by MPQA. 
0.0
10.0
20.0
30.0
40.0
50.0
60.0
G
ra
ss
es
O
th
er
 G
ra
m
in
oi
ds
H
er
bs
O
rc
hi
ds
 a
nd
 L
ill
ie
s
S
hr
ub
s
U
ni
de
nt
ifi
ab
le
Plant Compartment
July
Dec
Feb
 
The graph plots the arcsine transformed and area adjusted mean MPQA proportions in degrees for the 
ten communities of the Coranderrk Reserve.  The bars are grouped according to the plant compartment 
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they represent and indicate the relative proportions of these compartments in the faeces of Eastern Grey 
Kangaroos.  Tree and fern fragments were not found at any time of the year. 
 Fig 7.3.2.1 shows the frequency of occurrence of plant fragments in Eastern Grey Kangaroo 
faeces in July, December and February.  The preponderance of grasses in the diet at all times was 
evident.  If other graminoids, grasses, orchids and lilies and unidentified monocotyledons were 
considered then they contributed over 90% of the faecal contents on each survey occasion.  There was a 
significant (p < 0.05) increase in grass and other graminoid content in the December period and this 
probably reflected the productivity of annuals at that time.  There were no significant changes in the herb, 
orchid and lily, shrub and other graminoid compartments over time. 
 The wide representation of plant compartment fragments in Black Wallaby pellets was evident in 
Fig 7.3.2.2. Black Wallaby faecal pellets contained components from each plant compartment with 
significant grass and other graminoid content.  Unlike the Eastern Grey Kangaroo, the Black Wallaby 
also utilised the tree and fern compartments. 
 The grass component of Black Wallaby diet increased significantly in December and this was 
accompanied by a simultaneous decrease in total other graminoids, herb and shrub contents.  A similar 
change was seen for Eastern Grey Kangaroos.  The proportion of unidentifiable dicotyledonous 
components in Black Wallaby faeces was significantly higher than those found in Eastern Grey Kangaroo 
faeces (Fig 7.3.2.1.).  This was possibly due to a higher concentration of softer species of herbs and 
forbs in the diet of Black Wallabies.  
 It is apparent that there was considerable dietary overlap between the Eastern Grey Kangaroo 
and the Black Wallaby.  Both species exhibited grasses, other graminoids, herbs and shrubs in their 
faeces, although the proportions of these groups differed significantly between them.  However, grasses 
were the most frequently detected compartment in faecal pellets of both macropodid species.   The lack 
of seasonal variation in Eastern Grey Kangaroo faecal pellet contents indicated that this species was less 
capable of utilising available dietary resources than the Black Wallaby.  The Black Wallaby exploited a 
wider range of plant food species.  To the extent that overlap occurs there will be interspecific 
competition, but it is likely that this competition will vary in its extent and importance from one community 
and season to another. 
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Fig 7.3.2.2 Arcsine Transformed Proportions of Plant Compartments in Black Wallaby Faecal 
Pellets over the Seasons Obtained by MPQA. 
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The graph plots the arcsine transformed and area adjusted mean MPQA proportions in degrees for the 
ten communities of the Coranderrk Reserve.  The bars are grouped according to the plant compartment 
they represent and indicate the relative proportions of these compartments in the faeces of Black 
Wallabies. 
 
              
 
7.3.3.  Spatial Trends  
The variation that occurred in macropodid faecal pellet contents from one community to another was 
examined by plotting the arcsine transformed MPQA proportions for each community against the plant 
     162 
compartment observed. 
 
Fig. 7.3.3.1. Arcsine Transformed Proportions of Plant Compartments in Eastern Grey 
Kangaroo Faecal Pellets in the Communities of the Coranderrk Reserve Obtained by MPQA 
in July. 
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The graph plots the arcsine transformed and area adjusted mean MPQA proportions in degrees for the 
ten communities of the Coranderrk Reserve.  The bars are grouped according to the plant compartment 
they represent and indicate the relative proportions of these compartments in the faeces of Eastern Grey 
Kangaroos in July. 
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 There was little variation in Eastern Grey Kangaroo faecal pellet content across all of the 
Coranderrk Reserve at any one time.  The relative proportions of the plant compartments in faecal pellets 
did not significantly alter when pellets collected in one community were compared to those from another 
or when comparisons were made between the sampling periods (ANOVA, p < 0.05).   It has been 
shown that there was significant difference in the floristic inventory of the ten communities sampled 
(Chapter 4).  However, despite this marked variation in the array of food plants available for Eastern 
Grey Kangaroo foraging there was no significant difference (p < 0.05) in faecal pellet content from one 
location to another.  Either Eastern Grey Kangaroos only foraged in one place and then spent time in 
other communities without feeding, or they were choosing selected feeding patterns throughout their 
home range.  The second explanation would be the most feasible as it has been shown (Johnson et al. 
1987) that, although Eastern Grey Kangaroos defaecate throughout the day, they tend to do so at a 
greater rate when they are feeding.  It is thus valid to conclude that Eastern Grey Kangaroos were 
feeding in the communities from which their faecal pellets were obtained, but that the contents of any 
particular pellet could have been sourced from any of the communities that the particular individual animal 
foraged in. Regardless, it is clear that Eastern Grey Kangaroo diet was essentially similar regardless of 
where they fed.  They were selecting out plant compartments for their diet in similar proportions 
throughout the Coranderrk Reserve, even though the proportions of these plants in the field varied 
significantly from one community to another. 
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Fig. 7.3.3.2. Arcsine Transformed Proportions of Plant Compartments in Eastern Grey 
Kangaroo Faecal Pellets in the Communities of the Coranderrk Reserve Obtained by MPQA 
in December. 
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The graph plots the arcsine transformed and area adjusted mean MPQA proportions in degrees for the 
ten communities of the Coranderrk Reserve.  The bars are grouped according to the plant compartment 
they represent and indicate the relative proportions of these compartments in the faeces of Eastern Grey 
Kangaroos in December. 
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Fig. 7.3.3.3. Arcsine Transformed Proportions of Plant Compartments in Eastern Grey 
Kangaroo Faecal Pellets in the Communities of the Coranderrk Reserve Obtained by MPQA 
in February. 
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The graph plots the arcsine transformed and area adjusted mean MPQA proportions in degrees for the 
ten communities of the Coranderrk Reserve.  The bars are grouped according to the plant compartment 
they represent and indicate the relative proportions of these compartments in the faeces of Eastern Grey 
Kangaroos in February. 
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Fig. 7.3.3.4. Arcsine Transformed Proportions of Plant Compartments in Black Wallaby Faecal 
Pellets in the Communities of the Coranderrk Reserve Obtained by MPQA in July . 
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The graph plots the arcsine transformed and area adjusted mean MPQA proportions in degrees for the 
ten communities of the Coranderrk Reserve.  The bars are grouped according to the plant compartment 
they represent and indicate the relative proportions of these compartments in the faeces of Black 
Wallabies in July. 
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Fig. 7.3.3.5. Arcsine Transformed Proportions of Plant Compartments in Black Wallaby Faecal 
Pellets in the Communities of the Coranderrk Reserve Obtained by MPQA in December. 
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The graph plots the arcsine transformed and area adjusted mean MPQA proportions in degrees for the 
ten communities of the Coranderrk Reserve.  The bars are grouped according to the plant compartment 
they represent and indicate the relative proportions of these compartments in the faeces of Black 
Wallabies in December. 
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Fig. 7.3.3.6. Arcsine Transformed Proportions of Plant Compartments in Black Wallaby Faecal 
Pellets in the Communities of the Coranderrk Reserve Obtained by MPQA in February. 
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The graph plots the arcsine transformed and area adjusted mean MPQA proportions in degrees for the 
ten communities of the Coranderrk Reserve.  The bars are grouped according to the plant compartment 
they represent and indicate the relative proportions of these compartments in the faeces of Black 
Wallabies in December. 
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For Black Wallabies there was significant variation in faecal pellet contents from one community 
to another at any one time.  In July for example, Black Wallaby faecal pellets showed a significantly 
higher grass content in the eucalypt plantation grassland (KP) community than in any other community.  
Similarly, Black Wallaby faecal pellets contained significantly higher fern contents in the riparian zone 
(EG) than in any other community at all times.  Other differences can be seen in the charts and highlights 
the extent of this variation. 
 The diet of the Black Wallaby showed considerable variation and was related to the community 
in which the animal was feeding.  Trophic resource use by the two macropodid species may have both a 
spatial and a temporal variability. 
 
7.3.4.  Plant Species in Faecal Pellets 
 The results of a microscopic examination of faecal pellets contents for the presence of plant 
species is presented in Tables 7.3.4.1 - 7.3.4.6. 
 The plant compartment pooled data from Tables 7.3.4.1 - 7.3.4.6 have been considered in 
section 7.3.2. in the form of temporal trends identifiable for each macropodid species in each of the 
Coranderrk communities.  The subsets of this pooled data reveal significant trends and observations 
which apply to individual plant species and genera. 
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Table 7.3.4.1. Proportions of Plant Species in Eastern Grey Kangaroo Faecal Pellets in the 
Communities of the Coranderrk Reserve Obtained by MPQA in July 
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Table 7.3.4.2. Proportions of Plant Species in Eastern Grey Kangaroo Faecal Pellets in the 
Communities of the Coranderrk Reserve Obtained by MPQA in December. 
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Table 7.3.4.3. Proportions of Plant Species in Eastern Grey Kangaroo Faecal Pellets in the 
Communities of the Coranderrk Reserve Obtained by MPQA in February. 
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Table 7.3.4.4. Proportions of Plant Species in Black Wallaby Faecal Pellets in the Communities 
of the Coranderrk Reserve Obtained by MPQA in July. 
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Table 7.3.4.5. Proportions of Plant Species in Black Wallaby Faecal Pellets in the Communities 
of the Coranderrk Reserve Obtained by MPQA in December. 
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Table 7.3.4.6. Proportions of Plant Species in Black Wallaby Faecal Pellets in the Communities 
of the Coranderrk Reserve Obtained by MPQA in February. 
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7.3.4.1. Anthoxanthum odoratum  (Sweet Vernal Grass) and Microlaena stipoides (Weeping 
Grass) 
 The exotic perennial grass A. odoratum was found in the faeces of both species in every 
community during each of the sampling periods, with the exception of Black Wallaby in the Red 
Stringybark/Narrow-leaved Peppermint woodland (EM) community in February.  It formed a 
significantly (p < 0.05) greater proportion of Eastern Grey Kangaroo faeces (10.3%) than of Black 
Wallaby (4.1%).  Similarly significant differences were discerned in the proportion of this grass in the 
faeces when communities were compared for both macropodid species.  In the Badger Creek floodplain 
(EA), the Candlebark woodland (ER) and the Messmate/Narrow-leaved Peppermint woodland (EO) 
Black Wallaby faeces contained significantly higher quantities of A. odoratum fragments than in the other 
communities.  A similar pattern was identified for the Eastern Grey Kangaroo, where the higher 
proportion of A. odoratum  was found in faeces gathered from the Piccaninny swamp drainage line (CL), 
the dry E. radiata woodland (EM) as well as the Candlebark woodland (ER) and the dry sclerophyll 
forest (EO).  These communities largely represent areas where cattle were grazed. 
 Eastern Grey Kangaroo faeces derived from the riparian zone (EG) in July contained significantly 
higher proportions of A. odoratum  than at other times of the year.  Habitat use data indicated that 
Eastern Grey Kangaroos rarely frequented this community (Chapter 5).  It is likely that since the riparian 
zone stretches like a ribbon across the breadth of the Coranderrk Reserve, that Eastern Grey Kangaroos 
used this community as a movement corridor rather than for feeding purposes.  The abundance of A. 
odoratum in the riparian zone was relatively low (Chapter 4) and this supports the idea that Eastern 
Grey Kangaroos were likely to have obtained this forage in other communities. The decreased field 
abundance of both grass species in the Lake Coranderrk drainage line (CLB) due to burning 
accompanied a decreased proportion of these species’ fragments in Black Wallaby faeces but a similar 
trend could not be identified for the Eastern Grey Kangaroo.  This probably reflected the smaller home 
range inhabited by the Black Wallaby. 
 Sweet Vernal Grass was often seen in association with the indigenous grass, M. stipoides  and 
these two species usually formed a mixed grassy sward, particularly in the Candlebark woodland (ER) 
and the Badger Creek floodplain (EA) (see Chapter 4).  The mean concentration of Weeping Grass in 
the faeces was significantly higher than Sweet Vernal Grass for both Eastern Grey Kangaroos (17.2% 
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compared with 10.3%) and Black Wallabies (8.4% compared with 4.1%) over the whole sampling 
period respectively.  Taylor (1983) and Kirkpatrick (1965) also reported this grass as a consistent 
component of Eastern Grey Kangaroo diet elsewhere in Australia.  In the field, it was evident that 
Weeping Grass was heavily grazed but that Sweet Vernal Grass inflorescences were often intact.  This 
was also observed by McMahon and Carr (1991).  It is possible that both macropodid species sought 
out Weeping Grass, but because of the physical structure of the mixed sward, ingested Sweet Vernal 
Grass as well.   
 
7.3.4.2. Chionochloa pallida (Silvertop Wallaby Grass), Danthonia spp. (Wallaby Grasses), 
Deyueuxia  spp. (Bent Grasses), Festuca spp.(Fescue), Poa spp. (Tussock Grasses), Stipa 
spp.(Spear Grasses) and Themeda triandra (Kangaroo Grass). 
 This group of grasses represented the majority of the native grass species found in the 
Coranderrk Reserve and in addition to M. stipoides,  would have formed the bulk of available grass 
fodder for macropodids prior to European contact and the subsequent introduction of exotic species.  
The mean proportion of fragments derived from these grasses in macropodid faeces was significant (for 
Eastern Grey Kangaroos 32.8% and for Black Wallabies 12.6% with P < 0.05) over the Coranderrk 
Reserve during the total sampling period.  It is reasonable to assume that the differential digestibility 
conferred by the alimentary tracts of the two species was not significant enough to account for this 
difference, and hence it can be concluded that both species consumed these grasses, but that Eastern 
Grey Kangaroos did so to a significantly greater extent than Black Wallabies.   
 In December, Silvertop Wallaby Grass showed a significantly increased frequency in Eastern 
Grey Kangaroo faecal pellets, and it was found at similar concentrations regardless of where the faecal 
specimen was collected.  Similar observations were made for Danthonia  spp. (Wallaby Grass) except 
that the concentration of this plant in Eastern Grey Kangaroo faeces decreased significantly in July (P < 
0.05).  For Black Wallabies, there was significant variation in the concentration of Silvertop Wallaby 
Grass in faecal pellets collected from one community compared with others at any one time.  Black 
Wallaby faeces from the four E. radiata dominated communities (EM, ER, EO and EV) demonstrated a 
consistently higher number of Silvertop Wallaby Grass fragments at all times during the year. 
 Similar comments can be made for Deyeuxia spp. (Bent Grasses).  The concentration of 
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fragments from this species was low (0.9%) in Eastern Grey Kangaroo faeces and showed no significant 
difference from one community or time to another.  The mean concentration of this species in Black 
Wallaby faeces was significantly lower (0.3%) and there were several communities (EA, EG and EX) 
from which Black Wallaby faeces showed no trace of fragments from this species on one or more 
occasions. 
 The Fescues (Festuca spp.) made significant contributions to the faeces of both species, and 
their distribution showed a different pattern to the other grasses so far considered.  Mean concentrations 
of Festuca spp. in the faeces of both macropodids was similar (Eastern Grey Kangaroos 2.1%; Black 
Wallabies 1.8%). Black Wallabies maintained a constant level of this grass in the faeces over the year, 
with no significant difference noted from one time to another (July 1.8%, December 1.9% and February 
1.6%).  However, Eastern Grey Kangaroos showed a significant trend (July 1.9%, December 3.4%, and 
February 1.0%) over the same period.  Furthermore, when communities were compared at any one time 
for Eastern Grey Kangaroos, then significant variations in the faecal pellet proportions of Festuca spp. 
were detected.  In the Piccaninny swamp drainage line (CL) the concentration of Festuca spp. reached  
6.6% and in the riparian zone (EG) it measured only 0.2% in July.  Black Wallabies showed a similar 
variation: 4.3% in the drainage line derived faeces and 0.2% in the riparian zone derived faeces. Festuca 
spp. constituted the only genus of grasses that showed a spatial variation for Eastern Grey Kangaroo 
faecal pellets and an explanation may be related to field abundance, although this appeared to be an 
insignificant factor for the other grass species.  The increase in the concentration of Festuca spp. in the 
faeces from communities such as CL (Piccaninny Swamp drainage line) may be more related to the 
development of inflorescences and softer leaf parts in the spring, both of which may tend to make these 
species more palatable.   
 For both macropodid species, the significantly largest contributor to grass fragment proportions 
in faeces were the Tussock Grasses (referred to in the Tables as Poa spp.).  The Tussock Grasses were 
distributed widely over the Coranderrk Reserve.  They were difficult to identify in the field, and it was not 
possible to separate the various species in faeces using CSLM.  This difficulty was not important in the 
analysis of results because the generic grouping of these species lead to an adequate description of their 
presence in faeces.  The Tussock Grasses contributed 18.1% and 8.8% to Eastern Grey Kangaroo and 
Black Wallaby plant fragments in faeces respectively.  They were the most plentiful grasses found in the 
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faeces of both macropodid species (69.0% for Eastern Grey Kangaroos and 55.1% for Black 
Wallabies). Spatially, Eastern Grey Kangaroos had consistent frequencies of these grasses at any one 
time.  Black Wallabies showed the same spatial variation seen with most other grasses (e.g. for July 
10.2% in the Eucalypt plantation KP, and 1.2% in the drainage line community CL).  The  significant 
decrease (28.1%) in the abundance of Tussock Grass fragments in Eastern Grey Kangaroo faeces during 
December suggested that these species were selected during autumn and winter despite their perennial 
availability.  Similar observations have been made by others (Jarman 1984; Taylor 1984). In December, 
the seasonal appearance of annual grasses and other softer forage may have replaced Tussock Grasses 
to this extent in the diet of the Eastern Grey Kangaroo. 
 Black Wallabies demonstrated not only significant seasonal variation in the faecal concentration 
of these fragments, but also spatial variation.  In the two drainage line communities (CL and CLB) the 
frequency of occurrence (1.2 and 0.6%, respectively) of the Tussock Grasses in faeces was significantly 
less than in any of the other communities (range is 4.2 - 10.2%) in July.  Clearly, at this time of the year 
Black Wallabies were capable of utilising other plant forage to replace these grasses if their home range 
covered drainage lines where the abundance of these species was low (Chapter 4).   Whilst the 
frequency of the Tussock Grasses in Eastern Grey Kangaroo faeces decreased in December, Black 
Wallabies tended to have a significantly higher (42.8%) content of these grasses in the December period 
than on the other two occasions (Tables 7.3.4.4 - 6).  The incidence of the softer grass fragments in 
Black Wallaby faeces remained relatively constant throughout the year and it was concluded that, 
although the field abundance of softer grasses increased in the spring, this was not accompanied by a 
corresponding increase in faecal fragment content as occurred for Eastern Grey Kangaroos. 
 Stipa spp. and Themeda triandra represent two groups of grasses that have traditionally been 
reported as forage for Eastern Grey Kangaroos (Duncan 1992; Jarman and Phillips 1989).  In the 
Coranderrk Reserve they did not represent significant contributions to grass biomass (Chapter 4), and 
hence it is not expected that they would have contributed greatly to faecal fragment point frequency even 
if they were actively selected.  Of the two species T. triandra fragments were the most significant 
contributor to Eastern Grey Kangaroo faeces and apart from an increase in December, the 
concentrations of these species remained spatially and temporally constant (mean T. triandra 
proportions 6.5%; mean Stipa spp. proportions 0.43%).  
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 In Black Wallabies, the concentrations of the two grasses in faeces did not significantly differ 
over time (T. triandra frequency of occurrence 0.50%; Stipa spp. frequency of occurrence 0.26%).  
However, the characteristic spatial variation was evident for both grass species at all times in Black 
Wallabies.  For example, for T. triandra in February faecal proportions were 1.8% in the 
Messmate/Narrow-leaved Peppermint woodland community (EO) and was undetected in four other 
communities (CL, EA, EX and KP).  For Stipa spp. in December the concentration was 1.3% in the 
Messmate woodland (EX) but undetected in four other communities (CLB, EA, EM and EO). 
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7.3.4.3. Holcus lanatus (Yorkshire Fog) and Lolium perenne  (Perennial Rye Grass). 
 These are two introduced grasses which offer macropodids a softer grass and, along with A. 
odoratum, would have formed the bulk of introduced pasture grasses when cattle grazing occurred at 
the Coranderrk Reserve.  Given the conservation values which underline the management of the 
Coranderrk Reserve, they are undesirable species. 
 Bell (1973) and Taylor (1980) report that Eastern Grey Kangaroos will utilise coarse native 
perennial grasses, but that they select shorter low fibre grasses if they are available.  H. lanatus and L. 
perenne could be classified in this way.  Both species are significant contributors to macropodid diets. 
Mean faecal proportions in Eastern Grey Kangaroos were 11.2% and 4.6% for H. lanatus and L. 
perenne respectively.  They formed a significantly smaller proportion of Black Wallaby faeces (2.8% and 
0.43%).  Significant differences in the mean proportions of these two grasses were not  detected in 
Eastern Grey Kangaroo faeces over the sampling times (see Table 7.3.4.3.1). 
 
Table 7.3.4.3.1. Mean proportions (± SE) of H. lanatus and L. perenne in Eastern Grey 
Kangaroo faeces deposited in July, December and February. 
 
Species July December February 
 % % % 
H. lanatus 11.1 ± 2.6 13.2 ± 2.0 9.5 ± 1.5 
L. perenne 4.3 ± 3.7 3.7 ± 1.0 5.8 ± 1.8 
 The data in the table were derived by obtaining the mean MPQA proportions of H. lanatus and L. 
perenne in Eastern Grey Kangaroo faeces for all Coranderrk communities during the three sampling 
periods.  The standard error of the mean is given. 
 
              
 
 The spatial variation in faecal pellet contents seen with the previously discussed plant species by 
Black Wallabies was evident for these grasses also.  In July H. lanatus fragments contributed 8.4% of 
Black Wallaby fragments derived from Badger Creek floodplain (EA), and 0.3% from the 
Messmate/Narrow-leaved Peppermint woodland (EO).  Furthermore, the variation was consistent 
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throughout the year with the same communities (EA) returning high levels of this plant species in the 
faeces.  Tables 7.3.3.1 - 7.3.3.6. show the variation in observed H. lanatus fragments in Black Wallaby 
faeces and the simultaneous appearance of relatively constant levels in Eastern Grey Kangaroo faeces.  
 
7.3.4.4. Tetrarrhena juncea (Forest Wire Grass) and Phragmites australis (Common Reed). 
 These two species of indigenous grasses are grouped together because they have a 
heterogeneous distribution over the Coranderrk Reserve. The Wire Grass did not contribute significantly 
to community biomass.  It was often found as a climbing species associated with Prostanthera spp., 
Pteridium esculentum  and Clematis spp. in drier habitats.  Field evidence of grazing was not apparent 
on the individual plant specimens themselves.  Wire Grass was found in low proportions in both Eastern 
Grey Kangaroo and Black Wallaby faeces (mean proportions 0.8% and 0.5% respectively) but they are 
mentioned because their abundance in the field was also low (see Tables 4.3.1.1 - 10.).  
 The Common Reed was the dominant vegetation in the regenerating previously burnt drainage 
line below Lake Coranderrk (CLB), where it formed dense almost impenetrable stands during the 
December and February sampling periods.  Most of the post-fire biomass response was composed of 
this species (Chapter 4).  The Common Reed was also distributed in other parts of the Coranderrk 
Reserve: around the Lake, beneath the Piccaninny Swamp (CL), in the Badger Creek floodplain (EA) 
and occasionally in other communities. 
 The Common Reed was consumed by both Eastern Grey Kangaroos and Black Wallabies.  It 
was found in a significantly higher proportion in Eastern Grey Kangaroo faeces.  The standard errors of 
the mean were of the order of 100% at every sampling period, and for both species, except in February 
for Eastern Grey Kangaroos.  This large deviation probably stemmed from the significantly elevated 
levels found in the fire-affected Lake Coranderrk drainage line (CLB) for both macropodid species. This 
community was burned in March.  By July, the regeneration of Common Reeds and the appearance of 
softer new plant parts were evident and both macropodids clearly took advantage of this fresh fire-
induced pick.  By December, the Common Reeds had reached significant size (up to 2 m) and biomass 
(Chapter 4).  At this time both macropodid species still included some Common Reed in their diet, 
however by February, Eastern Grey Kangaroos showed a 43% decrease in the content of this plant 
species.  Utilisation of this community by Eastern Grey Kangaroos also declined (see Chapter 5).  It is 
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probable that the dense regrowth of Common Reeds by February physically restricted access by Eastern 
Grey Kangaroos, but that Black Wallabies were still able to negotiate the Common Reeds effectively.  
Once the vegetation became impenetrable, Eastern Grey Kangaroos probably only consumed vegetation 
occurring at the edge of this community. 
 Most grass species had similar abundances in Eastern Grey Kangaroo faeces collected from all 
over the Coranderrk Reserve, but the Common Reed was atypical demonstrating a significantly larger 
presence in Eastern Grey Kangaroo faeces derived from the burnt Lake Coranderrk drainage line 
community in July.  A possible explanation was that the group of Eastern Grey Kangaroos which 
deposited their  faeces in the CLB community, did not move over most other areas of the Coranderrk 
Reserve and only fed in this and immediately adjacent areas.  The CLB drainage line is adjacent to the 
Badger Creek floodplain (EA) and the Candlebark woodland (ER) and the other plant species seen in 
the CLB faeces of these Eastern Grey Kangaroos were probably taken in these communities. 
 
7.3.5.  Other Graminoids. 
 This group of plants was separated from the other grasses because they are generally siliceous, 
perennial, have tough cuticles and similar growth characteristics.  As a group they were significantly more 
frequent in Black Wallaby than in Eastern Grey Kangaroo faeces (frequency of occurrence 6.7 % and 
1.1% respectively).  The other graminoids are typical of those plants that contribute to Eastern Grey 
Kangaroo diets in times of drought or environmental stress (Kirkpatrick 1965; Dawson 1989; Taylor 
1984).  The conditions in the Coranderrk Reserve during this study did not represent a period when 
similar resource limiting factors were operating, especially for Eastern Grey Kangaroos.  The Eastern 
Grey Kangaroo population was stable over a long period because of the vasectomy program (Chapter 
3) and the weather conditions preceding and during the study could not be considered as drought-like 
(Chapter 3).  Hence it is not surprising to find only small quantities of these species in the faeces of 
Eastern Grey Kangaroos.  Of the six genera represented in this group, Gahnia spp. contributed 44% of 
the total fragments with the remaining 66% being evenly distributed amongst the other five.  Gahnia spp. 
have a ubiquitous distribution in the Coranderrk Reserve and contribute significantly to grass biomass in 
most communities (Chapter 4).  Considering their digestibility (Appendix 2) and their proportions in the 
faeces, it is likely that these species are not actively sought by Eastern Grey Kangaroos under the 
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conditions in the Coranderrk Reserve at the time. 
 For Black Wallabies, a similar preponderance of Gahnia spp. was observed (45%), however, 
the other five genera were not as equally represented in the faeces as they were in Eastern Grey 
Kangaroos.  Carex spp. (sedges) comprised 22% of the faecal fragments from this group and the other 
four genera contributed a mean of 8.2% each. 
 An examination of temporal trends (see Tables 7.3.4.1-3) revealed a significant post-July 
increase in the faecal abundance of other graminoids for Eastern Grey Kangaroos (59% increase in 
December).  The increase was maintained into February.  Spring brings softer new growth to these 
species and it is possible that the increased representation in the faeces reflected their increased 
palatability.  Furthermore, the winter leaves would be more resistant to digestion than those of spring and 
summer.  If this was the case, then the spring and summer observations may have been underestimates 
and the increase may have been larger than that revealed by the data.  Coarser grasses have been 
reported as contributing greater proportions to Eastern Grey Kangaroo diet in times of drought (Griffiths 
and Barker 1966; Griffiths et al. 1974).  For Black Wallabies the abundance of these graminoids in 
faeces remained constant over the study period but there was significant spatial variation (Tables 7.3.4.4 
- 6.). 
 
 
7.3.6.  Herbs. 
 The vascular plants classified as herbs consisted of species with seeds that had non-woody 
stems, and hence included those which might commonly be referred to as forbs.  Tables 7.3.4.1 - 6 list 
those herbs which could be identified in macropodid faeces.  The lists of herbaceous faecal contents for 
Eastern Grey Kangaroos and Black Wallabies contain similar plant taxa, except that Goodenia spp, 
Lindsaea linearis and Stellaria spp. were detected only in the Black Wallaby.  Additionally, these 
tables contain data regarding numbers of fragments which could not be identified beyond the classification 
of dicotyledon.  Most of these unidentified dicotyledons were plants which should have been represented 
within the herb classification. The dicotyledonous herbs of the Coranderrk Reserve tended to be softer 
than the monocotyledons, and were therefore probably digested by both macropodid species more 
completely than monocotyledons. 
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 Black Wallaby faeces contained significantly higher proportions of herbaceous fragments than 
that derived from Eastern Grey Kangaroos (24.9% and 4.2% respectively).  For Eastern Grey 
Kangaroos there was no significant difference in the proportions of various herb species in the faeces.  It 
is possible that forbs found growing alongside grasses may have been inadvertently ingested during 
grazing.  Kirkpatrick (1965) examined the mouth contents of Eastern Grey Kangaroos that had been 
shot whilst feeding and concluded that they took graze indiscriminately and non-selectively.  Taylor 
(1983), however, was able to demonstrate preference for low fibre grasses and the definite avoidance of 
forbs.  The findings of this work would support such observations because of the infrequent herb and 
“other graminoid” content of Eastern Grey Kangaroo faeces. 
   Temporally, no significant change in the herb content of Eastern Grey Kangaroo faeces was 
detected.  Spatially,  herb proportions in Eastern Grey Kangaroo faeces demonstrated similar 
characteristics to that discussed for the grass section (7.3.3.) and no significant differences could be 
detected from one community to another at any one time.  If the intake of herbs is accidental and non-
selective, then a finding such as this is consistent with an homogeneous mix of forbs with grass in the 
Eastern Grey Kangaroos’ feeding areas. 
 Consistent with the previous findings in this work,  Black Wallabies varied spatially in the 
proportions of individual herb species and genera found in their faeces at all times.  The herb genera most 
commonly encountered in Black Wallaby faeces were, in descending order; Hypochoeris spp. (6.3%), 
Acaena spp. (3.1%), Rubus spp. (2.3%), Oxalis exilis  (2.1%), Dichondra repens  (2.1%).  Of these 
five plant taxa, two are largely represented by exotic species (Hypochoeris spp. and Rubus spp.).  
Hypochoeris spp. was ubiquitous in the Coranderrk Reserve and the most widespread weed species 
present (McMahon and Carr 1991).  It was clearly a significant dietary component of Black Wallabies.  
The ‘flatweed’ nature of the Hypochoeris plants make them difficult to graze because of their ground-
hugging growth habit, but the Black Wallaby was observed to lift flatweed leaves off the ground prior to 
ingestion.  Hypochoeris spp. inflorescences and their stems were frequently seen being taken by Black 
Wallabies during the course of the study. 
 D. repens, O. exilis and Acaena spp. are indigenous soft forbs which are commonly found 
amidst the grasses on the forest floor.  Similar species include Ranunculus spp., Geranium spp. and 
Prunella vulgaris.  The proportions of these species were significantly higher in Black Wallaby than in 
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Eastern Grey Kangaroo faeces (10.0% and 2.0% respectively).  In the field, these forbs appear amongst 
the graze which Eastern Grey Kangaroos select and they are therefore theoretically available for 
herbivory in proportion to their field abundance when compared to the grasses.  The differential faecal 
abundances observed indicate that Black Wallabies select for these species and Eastern Grey Kangaroos 
discriminate against them.    
 Although contributing low proportions to Black Wallaby faeces, Clematis aristata, Goodenia 
spp., Lindsaea linearis and Stellaria  spp. were not found at all in Eastern Grey Kangaroo faeces.  If the 
digestibility of these species was similar in the two macropodids, then it  is probable that Eastern Grey 
Kangaroos deliberately avoided them in their foraging or at least, did not seek them out.  The appearance 
of abundant C. aristata seedlings in the spring was observed (Chapter 4), but this was not accompanied 
by a presence in Eastern Grey Kangaroo faeces.  If it is assumed that this plant species was not digested 
beyond recognition in the Eastern Grey Kangaroo gut (fragments clearly survived the Black Wallaby gut), 
and if the location of this plant as a forb amongst the graze taken by Eastern Grey Kangaroos is 
considered, then they apparently avoid this species.  The distribution of Stellaria spp. and L. linearis 
was limited and it tended to be found in areas which were utilised less frequently by Eastern Grey 
Kangaroos.  Nevertheless, they were not found in Eastern Grey Kangaroo faeces and by a similar 
reasoning it is reasonable to conclude that they are apparently similarly avoided. 
 Likewise, the low numbers of Senecio spp. in both Eastern Grey Kangaroo and Black Wallaby 
faeces indicated avoidance by both macropodid species, especially when the significant field abundance 
of this genus was considered (Tables 4.3.1.1 - 10.)).  The genus Senecio contains plants which are both 
exotic and indigenous.  Ragwort (S. jacobaea) and the common groundsel (S. vulgaris) are the exotic 
representatives of this genus and ragwort, in particular, is becoming a significant weed species.  Both 
species were rarely seen in the Coranderrk Reserve, but they were always intact with no evidence of 
macropodid grazing.  The most abundant species was S. minimus (shrubby fireweed) and although 
evidence of invertebrate grazing activity was evident, this species did not reveal any evidence of 
macropodid bite.  Many members of this genus are aromatic (Willis et al. 1975), and it may be this 
characteristic which assisted in preventing browsing damage. 
 Viola hederacea and Xanthosia dissecta were found in the drier communities of the 
Coranderrk Reserve and demonstrated  higher proportions in Black Wallaby faeces compared with 
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Eastern Grey Kangaroo (1.9% and 0.6% respectively).  The ubiquitous nature and field abundance of 
these species (Chapter 4) indicated that despite considerable browsing pressure from macropodids, they 
were capable of maintaining substantial populations.     
  
7.3.7.  Orchids and Lilies. 
 Except for Lomandra spp. the appearance of orchids and lilies in the faeces of both 
macropodids varied spatially and temporally. Faeces from both species contained Lomandra spp. 
fragments only in July.  With the seasonal emergence of the other species in spring, their presence was 
detected in faeces in December and then disappeared again in February.  Black Wallaby faeces 
consistently contained a greater abundance of all orchids and lilies than that of Eastern Grey Kangaroos.  
Wumbea dioca was detected only in Black Wallaby faeces.  Additionally the distribution of orchid and 
lily fragments in Black Wallaby faeces was significantly different when communities were compared.  A 
similar conclusion could not be made about Eastern Grey Kangaroos. 
 The most common lily in the faeces of both macropodids was Lomandra spp. (in Black 
Wallabies 4.1%, and in Eastern Grey Kangaroos 0.7%).  Given the widespread distribution of 
Lomandra spp. (Chapter 4), and its low (0.7%) content in Eastern Grey Kangaroo faeces, it is likely 
that this macropodid did not positively select for this species.  However, Lomandra spp. were a 
significant contributor to Black Wallaby diets (4.1%) and their contribution was consistent throughout the 
sampling period (5.1% in July,  2.8% in December and 4.3% in February).  Although not a major 
component of Black Wallaby diet, Lomandra spp. were mentioned by  McMahon and Carr (1991) who 
claimed that (p. 22): 
 “Our observations suggest that the majority of grasses, herbs and shrub species  are 
palatable.....Notable exceptions include many of the common graminoids,  e.g. (Gahnia  spp., 
Lomandra spp.......)” 
It is likely that at the time of McMahon and Carr’s work, the pressure exerted by Black Wallabies on the 
vegetation would have been significantly less than during this study (in 1989 Black Wallaby numbers 
were approximately 50, during this study they were 120).  Under increasing conditions of intraspecific 
competition, the utilisation of new species and the increased utilisation of previously consumed species is 
likely to occur. 
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7.3.8.  Ferns. 
 Ferns were not detected in Eastern Grey Kangaroo faeces.  This will either be because they did 
not form part of the diet or because they were digested to such an extent that they were unrecognisable in 
faecal pellet analysis.  Given that several species of ferns were detected in Black Wallaby faeces, it is 
likely that if Eastern Grey Kangaroos had consumed ferns to any great extent then some evidence would 
have appeared in the faeces. 
 For Black Wallabies, ferns were a definite constituent of the diet (mean frequency of 4.9% in 
faecal pellets).  The utilisation of ferns as a group did not show significant variance during the sampling 
period but clear differences could be discerned between communities and these differences were related 
to field abundance.  In the riparian zone the ferns Culcita dubia and Blechnum spp. were abundant 
(Chapter 4).  These species were also abundant in Black Wallaby faeces derived from there.  Similarly, 
the absence of these species in faeces derived from the dry E. radiata dominated communities (EM, 
EO, ER, EV and EX) reflected the absence of these ferns in those places.  This observation indicates that 
Black Wallabies were able to utilise ferns which were locally available. 
 Pteridium esculentum has a widespread distribution in the Coranderrk Reserve and represents 
significant available forage biomass.  Its proportion in the faeces of Black Wallabies was low but 
significant (2.8%).  Others have noticed this fern to be a component of Black Wallaby diet (Harrington 
1976; Waters 1985) 
 
7.3.9.  Shrubs. 
 Only three shrubs could be identified in Eastern Grey Kangaroo faeces (B. spinosa, C. 
quadrifida and K. ericoides).  The proportions of these species were 0.06%, 0.23% and 0.03% 
respectively. 
 K. ericoides fragments in the faeces of both species were found in low proportions (Eastern 
Grey Kangaroo 0.03%, Black Wallaby 1.4%). K. ericoides is abundant in the Coranderrk Reserve, is 
considered an environmental weed (McMahon and Carr 1991), and represents a a significant single 
species contributor to shrub biomass components (Chapter 4 shows a frequency of occurrence which 
varies from 0 - 90%).  Its low abundance in the faeces of both species indicated avoidance.  This 
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conclusion was supported by the observation that mature specimens of this species were never seen to 
be browsed, nor did they show macropodid browse marks on their leaves or branches.  Occasionally, 
new stems that had emerged from lignotubers showed severe browsing impacts, with deformed 
branching sprouts.  These were especially evident in the grassy swards of the Badger Creek floodplain 
(EA) and the Candlebark woodland (ER). 
 C. quadrifida and B. spinosa were browsed by Black Wallabies and together contributed 
49.7% of the shrub fragments found in Black Wallaby faeces.  Both shrub species were also browsed by 
Eastern Grey Kangaroos but to a significantly lower extent (see Tables 7.3.4.1. - 7.3.4.6)  Many C. 
quadrifida plants in the Coranderrk Reserve showed substantial browsing damage.  This shrub protects 
itself by producing woody thorns which clearly limit the extent of the herbivory.  Some specimens 
reached a height above which macropodids presumably could not reach.  The branches and leaves 
above this height had an open and leafy character which was missing from the lower, heavily browsed 
branches.  Some plants never reached this escape height and appeared as miniatures which were pruned 
constantly. 
 A possible temporal trend was established for Hakea spp. in Black Wallabies only, where the 
abundance of faecal fragments decreased in the December assessment (July 0.3%, December 0.1%, 
February 0.3%).  Also, there was considerable spatial variation in the Hakea spp. content at any one 
time.  For example, the Scentbark/Narrow-leaved Peppermint woodland (EV) consistently returned 
relatively high levels of Hakea spp. fragments in Black Wallaby faeces (July 1.1%, December 0.5% and 
February 0.7%), and other communities consistently had none (EA and EG) (see tables 7.3.4.4 - 6).  
This spatial variation was related to the presence or absence of Hakea spp. in the communities (Chapter 
4). 
 The absence of large quantities of shrub browse evidence in the faeces of Black Wallabies is 
probably atypical for this species, which has been reported to include substantial amounts in its diet and 
probably reflects the previously noted lack of shrub recruitment in the Coranderrk Reserve.  Harrington 
(1976) reported up to 44% of Black Wallaby diets in the New England tablelands consisted of shrubs 
and found considerable variation over time (December 14%, March 20%, July 44% and October 22%).  
Proportions such as these were not seen in the Coranderrk Reserve.  Other shrubs discovered in Black 
Wallaby faeces were Cassinia spp., Helichrysum  spp., Olearia  spp. and Pultanaea spp.  The 
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contribution of each of these species amounted to a mean of 0.45%.  Clearly the high shrub content, and 
the increase seen by Harrington (1976) in winter was not demonstrable in the Coranderrk Reserve.    
 
7.3.10.  Trees.  
 Most of the leaves from adult trees were not available for macropodid herbivory because they 
grew out of reach.  Leaves on seedlings, those obtained from windfall and those on low branches were 
the only tree leaves available in most Coranderrk Reserve communities. In the Eucalyptus plantation 
(KP) however, the trees, although relatively mature, were constantly coppiced to obtain fresh leaf 
material  This resulted in stunted, low specimens which were visibly cropped by macropodids. Bark and 
other woody material has been shown to form a portion of Black Wallaby diets (Waters 1985; Horne 
1975) and was not identified in this study. 
 Eastern Grey Kangaroo faeces were never found to contain any evidence of tree fragments.  
Eastern Grey Kangaroos were never observed to consume windfall or the new leaves on the coppiced 
trees.  Resource partitioning for this vegetative form appears to be complete because Black Wallabies 
did demonstrate a small (0.8%) but significant quantity of tree material in their faeces.  Significant 
temporal variation in any of the tree species found in Black Wallaby faeces could not be established.  For 
both Acacia and Eucalyptus species, there were no significant difference in the proportions of fragments 
detected in Black Wallaby faeces when one location was compared to another except for the 
Eucalyptus plantation (P < 0.05). Faecal pellets from the Eucalyptus plantation had significantly higher 
Eucalyptus spp. fragments present than those from any other community (e.g. for February the 
proportion of Eucalyptus was 3.9% and the mean for all the other communities combined at the same 
time was 0.13%). 
 A similar phenomenon was observed for Pomaderris aspera, a tree which frequents moist 
gullies and in the Coranderrk Reserve is largely restricted to the riparian zone (EG), (see Chapter 4).  
Traces of this tree were only found in Black Wallaby faeces deposited in the riparian zone, and to a 
lesser extent in the Lake Coranderrk drainage line (CL) which abuts the riparian zone. 
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7.3.11.  Unidentifiable.  
 Most fragments that could not be assigned to a particular genus could be identified as being 
monocotyledonous or dicotyledonous.  It is probable that those fragments that were called 
monocotyledons were graminoids, orchids or lilies and that those assigned as dicotyledons were herbs or 
forbs. 
 If significant numbers of fragments cannot be identified then the frequency of poorly identified 
fragments will be under-represented and that of easily identified fragments over-represented.  In this 
study this problem was insignificant because of the high success rate in identifying fragments. 
 Those fragments that could not even be classified at this level were completely unrecognisable 
and may have been bark, roots, fungal or invertebrate remnants.  The proportions of fragments in this 
category demonstrated similar levels in both Black Wallaby and Eastern Grey Kangaroo faeces. 
  Although the number of all classes of unknown fragments in Black Wallaby faeces was slightly 
higher than in Eastern Grey Kangaroo, the two macropodid species deposited faeces that contained 
fragments with similar degrees of identifiability.  It is possible to further explore the possibilities of CSLM 
technology to reduce this unidentifiable component further, but those fragments which were able to be 
identified as monocotyledons or dicotyledons would have been recognised if they had been included in 
the reference herbarium.  Improving CSLM even further may be able to reduce the number of completely 
unidentifiable fragments.   
 
7.3.12.  Plants Not Observed in Scats 
 Some plants appeared in the faeces at low abundances or were absent altogether.  When the 
substantial field abundances of these species are examined the possibility that they are deliberately 
avoided needs to be considered. 
 C. latifolium is a perennial herbaceous ground cover which is abundant in the drainage line 
communities below Lake Coranderrk and Piccaninny swamp (CLB and CL) and in the Badger Creek 
floodplain (EA).  No trace of this plant was found in the faeces of Eastern Grey Kangaroos or Black 
Wallabies.  It is possible that it is completely digested and absorbed, but the laboratory digestion time 
(2.0 h) (Appendix 2) and the absence of browse marks on plants in the field indicate that this species is 
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avoided by both macropodids.  The species has been favoured by the hydrological changes induced by 
the construction of the earth walls of the two water impoundments, but in the floodplain, selective heavy 
grazing by macropodids has opened out the grassy swards giving C. latifolium the opportunity to 
establish, what can be considered to be, an indigenous weed population (McMahon and Carr 1991).  A 
species exhibiting a similar phenomenon is K. ericoides which has been discussed in section 7.3.8.  Low 
abundance of Acacia  and Eucalyptus spp. was found in faecal pellets of both macropodids. 
 
7.4. Field and Faecal Abundance 
 The data accumulated in Chapter 4 (plant abundance, cover and frequency) in the various 
communities of the Coranderrk Reserve was compared with the abundance of those plants in the faeces.  
Relationships between these variables may indicate the extent of resource partitioning by Eastern Grey 
Kangaroos and Black Wallabies for particular groups of plants, or for individual species. 
 Others have made conclusions about selection choices on the basis of data such as these (Jacobs 
1974; Ellis et al. 1977; Lechowicz 1982; Taylor 1983; Short 1989), but as has been discussed in 
Section 7.1.7., because of problems with differential digestibility and identification it is not valid to 
develop indices which purport to measure selection without developing the appropriate correction 
factors.  Clearly, in a heterogeneous environment such as the Coranderrk Reserve the estimation of 
meaningful correction factors is not possible. 
 The relationship between the abundance of plant fragments in the field and in the faeces can 
nevertheless, be explored.  The digestibility and identifiability of a plant species or group of species is 
likely to be similar from one community of the Coranderrk Reserve to another at any one time.  If this 
assumption is correct, then whether or not a correlation between scat and field abundance exists can be 
tested. 
 
 
 
7.4.1. Field and Faecal Abundance: Eastern Grey Kangaroos 
 Eastern Grey Kangaroos demonstrated small but significant temporal changes in the abundance 
of a few plant species in their faeces and there was a consistent homogeneity when scats from different 
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communities were compared (Tables 7.3.4.1-3).  Vegetation studies of these communities revealed them 
to be heterogeneous (Chapter 4) with large variations over space and time.   
 There was clearly no demonstrable relationship between the abundance of plant fragments in 
Eastern Grey Kangaroo faeces and that found in the field at any one time.  Similarly, it was not possible 
to demonstrate a temporal correlation because of the low number of sampling times (N = 3) and because 
faecal abundance of only a few plant species showed significant temporal variations.   Other authors have 
been able to demonstrate that such relationships do exist with the general conclusion that the abundance 
of grass fragments in the faeces is positively correlated with the field abundance of low fibre grasses 
(Taylor 1983; Short 1989). 
 The explanation for this apparent anomaly probably stems from the island nature of the 
Coranderrk Reserve and how this impacts on the home range of the Eastern Grey Kangaroo.  It appears 
that Eastern Grey Kangaroos range over most communities in the Coranderrk Reserve, but they seek out 
similar forage species regardless of where they feed.  This is consistent with data available about their 
home range (Chapter 5) and will be the prevailing condition in the absence of resource limiting conditions 
such as drought or fire.  It is possible, of course that all of the Eastern Grey Kangaroos in the Coranderrk 
Reserve feed in the one place and then disperse to rest, shelter and deposit scats over the remaining 
communities, but this seems highly unlikely and does not agree with sightings made of Eastern Grey 
Kangaroos feeding in the communities at any one time.  The important observation was that faecal 
proportions of plant fragments were almost constant despite significant variations in the field abundances 
of these plants.  
  
7.4.2. Field and Faecal Abundance: Black Wallabies 
 If the field abundance of a particular plant or group of plant species is the same as their 
abundance in the faeces when various communities of the Coranderrk Reserve are compared, then 
feeding on that species may be indiscriminate.  This procedure will be valid if the community in which the 
faeces are collected is also the community from which the forage was obtained. Spatial variation in faecal 
pellet content for Black Wallabies was shown for almost every plant species and group of species 
(section 7.3), and this supports the hypothesis that Black Wallabies are restricted to small home ranges in 
the Coranderrk Reserve (Troy and Coulson 1993). 
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  If feeding was not indiscriminate, then the particular plant species or group of species were either 
selected for or against.  However, without correction factors it was not possible to be conclusive about 
which of these two alternatives was correct.  For example, a highly digestible species is likely to be 
difficult to identify.  As a result it will be under-represented in the faeces and when compared to field 
biomass the conclusion that it was not selected could be reached, when in fact, the opposite may have 
been true.  Nevertheless, if digestibility and identifiability of any species or group of species remained 
constant, and a correlation occurred between faecal pellet and field plant abundance, then conclusions 
can be drawn about the role of that species in the diet.  If it could be demonstrated that faecal abundance 
increased or remained constant when field abundance decreased and vice versa then conclusions could 
be drawn about selection and preference. 
 An examination of correlation coefficients (Table 7.4.2.1.) showed the distribution of plant 
compartments in the faeces did correspond to that available in the field.  This was consistent with the 
concept of the Black Wallaby being a generalist feeder capable of exploiting whatever forage was 
available in its home range and was supported by the observed spatial variation in Black Wallaby faecal 
pellet contents.  
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Table 7.4.2.1.  Spearman Rank Correlation Coefficients Computed For The Observed Arcsine 
Transformed Frequency Of Plant Compartment Fragments In The Faeces Of  Black Wallabies 
Against The Field Frequencies As Given By Biomass In July, December And February (DF = 
9, P <  0.05). 
Month Correlation Coefficient 
 Grasses Herbs Shrubs 
July 0.25 0.54 -0.05 
December 0.37 0.40 0.04 
February 0.21 0.49 -0.01 
The data were obtained by converting the mean arcsine transformed faecal pellet plant fragment 
abundances to ranks.   
In order to demonstrate a significant, non-chance and strong correlation, the coefficient must exceed the 
Spearman Rank critical value which for p £ 0.05 is 0.60.  Coefficients lower than this may indicate 
moderate or weak correlation. 
 
              
 
 Table 7.4.2.1 reveals a modest correlation between herb field biomass and its abundance in the 
faeces during all three sampling periods.  A weak or moderate correlation existed for grasses and no 
correlation existed for shrubs. 
 The correlations for herbs and grasses indicated that, as the field biomass of these plants 
increased, their abundance in the faeces also increased.  It is probable that this occurred because Black 
Wallabies increased their dietary intakes of these plants in line with field abundance.  The best example of 
this occurred in the Eucalypt plantation (KP), where grass biomass was high and the abundance in the 
faeces had a mean value of 48.9 ± 6.3%.  This can be compared to the Lake Coranderrk drainage line 
community (CL), where grass biomass was low and its abundance in the faeces was high (19.6 ± 5.6%).  
 The absence of any significant correlation for shrubs was surprising because Black Wallabies are 
classically described as browsers which select for shrubs in their diet (Harrington 1976; Dawson 1989).  
Tables 7.3.4.4 - 7.3.4.6 show that shrubs were consistently present in Black Wallaby faeces during the 
three sampling periods (Mean 8.0%) with no significant temporal variation.  This percentage is low 
compared to that observed by others (Harrington 1976 up to 44%; Hollis et al. 1986 up to 28%) and 
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probably reflected the diminished shrub layer in the Coranderrk Reserve compared with other areas 
(McMahon and Carr 1990).  Black Wallabies may have browsed available shrubs (largely C. 
quadrifida and B. spinosa) to the limits of available leaf material and when this supply was exhausted 
they ingested other plants in greater proportions. 
 
7.4.3. Field and Faecal Abundance: Plants 
 Examination of any spatial or temporal correlation between Black Wallaby faecal pellet contents 
and individual plant species may reveal information about the herbivory of the macropodids. 
 Some plant species appeared to exhibit trends and relationships which demonstrated temporal 
and spatial trends (section 7.3.).  These species included A. odoratum, H. lanatus, M. stipoides, P. 
australis, Gahnia spp., Hypochoeris spp., Senecio spp., Orchids and lilies and in particular Lomandra 
spp., Culcita dubia, and C. quadrifida. 
 A Spearman Rank correlation between the field and scat abundance of these species was 
performed using cover data for individual species, as biomass was measured only for groups of species.  
Cover data is more accurate than frequency of occurrence which was also available (Chapter 4) because 
it accounts for differences in plant size (Norbury and Sanson 1992) and has been used by others to 
measure abundance in dietary studies (Ellis et al. 1977; Short 1989) 
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Table 7.4.3.1. Spearman Rank Correlation Coefficients For The Arcsine Transformed 
Frequency Of Plant Species Fragments In Black Wallaby Faecal Pellets Against The Field 
Frequencies As Given By Cover in July, December and February  (DF = 9, P <  0.05). 
Species Correlation Coefficient 
 July December February 
A. odoratum 0.80* 0.78* 0.75* 
H. lanatus 0.84* 0.72* 0.72* 
M. stipoides 0.48 0.32 0.40 
P. australis 0.64* 0.44 0.92* 
Gahnia spp. 0.57 0.40 0.32 
Hypochoeris spp. 0.63* 0.36 0.13 
Senecio spp. 0.53 0.07 0.49 
Pterostylis spp. not applicable** 0.11 not applicable** 
Lomandra spp. 0.45 0.48 0.54 
C. dubia 0.91* 0.97* 0.98* 
C. quadrifida. 0.31 0.31 0.11 
The data were obtained by converting the mean arcsine transformed faecal pellet plant fragment 
abundances to ranks.   
*In order to demonstrate a significant, non-chance and strong correlation, the coefficient must exceed the 
Spearman rank critical value which for p £ 0.05 is 0.60. 
* *Not applicable because this species was not found in the faeces at all at these times. 
 
              
 
 A strong correlation existed for all sampling periods for C. dubia,  a fern whose distribution was 
restricted to the riparian zone (EG) and which was almost exclusively found in Black Wallaby faeces 
derived from there (Table 7.4.3.1.).  The relatively low frequency of this species in Black Wallaby faeces 
from other communities may have demonstrated their very limited home range in this community.  The 
riparian zone is long and narrow and abuts the Badger Creek floodplain (EA) along most of its length, yet 
Black Wallabies established in the floodplain did not tend to forage for C. dubia   to any significant extent 
in this neighbouring community. 
 Other species with strong correlations for the three sampling periods were the introduced 
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grasses, A. odoratum  and H. lanatus.  These species must have been palatable to Black Wallabies, and 
if their home range covered areas where these grasses were in abundance, they were found in their 
faeces in proportion to this field abundance. 
 P. australis showed strong correlation between field and faecal abundance for Black Wallabies 
in February and a modest correlation at other times.  The stronger correlation in February was probably 
a function of the substantial increase in field biomass demonstrated by this species in the Lake 
Coranderrk drainage line community (CLB) after the burning of its biomass during the fire which 
occurred in March 1997 (see Chapter 3). 
 Several species (M. stipoides, Gahnia spp., Hypochoeris spp., Senecio spp. and C. 
quadrifida) demonstrated a general trend, in that their correlation coefficients decreased as time 
progressed.  In July, available biomass was at a minimum and browsing pressure by Black Wallabies on 
these plants would have been significant.  The trend in correlation coefficients indicates that these plants 
are selected, but it is possible that as spring growth provided alternative, more palatable and higher 
quality food, the selection was not as strong and feeding became more generalist.  This continued through 
to February, with the correlation presumably becoming stronger again as the winter approached.  The 
significant decrease in correlation for Senecio spp. in December indicated a diminution of feeding on this 
genus for this period because the coefficient returned to its July level in February.  Perhaps, the luxuriant, 
vegetative growth of these species was unpalatable, but as seedlings and inflorescences develop in the 
autumn and over summer respectively, feeding was able to proceed.  
 Lomandra  is an abundant lily genus with Lomandra longifolia being the most common plant 
species in the Coranderrk Reserve.  It showed a modest correlation throughout the sampling period.  
These plants were an important component of Black Wallaby diet and contributed consistently.  If 
Lomandra spp. were present in the Black Wallabies’ home range, then they were found in faecal pellets 
in proportion to field abundance. 
 The frequency of abundance of orchid species was low in the field and their presence was 
ephemeral.  Orchids were discovered in four of the Coranderrk Reserve communities during the 
December survey.  Based on the observations for C. dubia this limited distribution should have resulted 
in a strong correlation coefficient for December.  Instead, only a weak correlation could be established 
(0.11).  The vegetation sampling technique (Chapter 4) probably failed to properly account for rare 
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species and an increase in the sample size would have lead to the documentation of more rare species.  
With the orchids, McMahon and Carr (1990) report that the size of populations vary: Diuris lanceolata 
is known from one specimen only and Chiloglottis trapeziformis from four.  Vegetation sampling 
strategies designed to define major biomass sources of forage, such as that used in this work will not 
locate rare species. 
 
7.5. Conclusions  
 Faecal analysis indicated that Eastern Grey Kangaroos and Black Wallabies shared most of the 
forage available in the Coranderrk Reserve.  All species and genera of plants consumed by Eastern Grey 
Kangaroos were also consumed by Black Wallabies, but  there are some species which were identified 
only in Black Wallaby faeces.  This indicated that Black Wallabies were capable of utilising a wider range 
of plants than Eastern Grey Kangaroos for their herbivory, and that trophic resource utilisation 
overlapped. 
 Under conditions where food availability did not approach low threshold values, the proportions 
of fragments in Eastern Grey Kangaroo faecal pellets remained substantially constant over space and 
time.  This indicated that Eastern Grey Kangaroos selected similar plant species for their diet regardless 
of where or when they fed, and that they were, comparatively, specialist feeders, with diet selections that 
favoured monocotyledons. 
 Black Wallabies utilised a diverse range of plant species in their diets which in most instances 
reflected field availability.  The relative proportions of forage species in their faecal pellets showed wide 
temporal and spatial variations. This indicated that they fed upon these selected species indiscriminately 
and that they were generalist feeders.   
 Black Wallabies established home ranges in every community of the Coranderrk Reserve and 
were able to obtain nutrition from the forage species present within their home range.  Under conditions 
of expanding Black Wallaby populations, Black Wallaby home ranges may increasingly overlap with 
Eastern Grey Kangaroo feeding habitat and then more significant dietary resource overlap may occur.  
Whilst adequate quantities of selected forage was available for Eastern Grey Kangaroos, Black 
Wallabies were able to feed in the absence of competition for forage from Eastern Grey Kangaroos in 
communities with low abundances of Eastern Grey Kangaroo selected feed. 
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 Hence, dietary resource use by the two species was not fixed in time or space, and showed a 
dynamic fluctuation which was largely governed by the generalist herbivore nature of the Black Wallaby. 
 The findings of the work so far presented are summarised in the following chapter and their 
implications for management of the Coranderrk Reserve are investigated. 
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CHAPTER EIGHT 
 
CONCLUSIONS AND MANAGEMENT STRATEGIES 
8.1. Summary and General Conclusions 
 The work in this thesis has been set within the context of a literature review which focuses on the 
spatial and trophic resource requirements of Eastern Grey Kangaroos and Black Wallabies, the manner 
by which they are measured and their utilisation. 
 The study site for the work was a managed remnant woodland, which had experienced significant 
ecological change since European settlement. It has therefore been subjected to similar management 
problems as many other reserves in south-eastern Australia.  Management problems of these reserves 
are numerous, but a decrease in native plant diversity, the absence of shrub and tree recruitment and the 
invasion of weed species are often attributed to macropodid herbivory. 
  Ten different plant communities were identified within the study site and these were utilised as 
one of the spatial variables for the experiments.  The communities were described in detail.  A vegetation 
study was undertaken and plant species abundance, biomass and cover were estimated during three 
sampling periods.  The sampling periods represented periods of minimum (July), maximum (December) 
and declining (February) productivity and field biomass. 
 The distribution and abundance of macropodid faecal pellets were used as measures of habitat 
utilisation.  Significant seasonal and species based differences in defaecation rates were demonstrated 
and the resulting difficulties associated with the use of faecal pellet counts as a means of taking a 
macropodid census were discussed.  The relative merits of using pellet and pellet group counts or 
measuring faecal biomass were investigated and it was shown that data collected for all three variables 
were very strongly correlated.    
 Eastern Grey Kangaroos selected sites that were characterised by the presence of a mosaic of 
dense understorey and a heavy ground cover of herbs and grasses.  Eastern Grey Kangaroos spent less 
of their time in elevated sites with less significant grass and herb layers. 
 Black Wallabies were distributed throughout the ten communities of the study site demonstrating 
more abundant populations in sites with dense understorey cover. 
 Spatial resource use varied from community to community and over time.  In communities which 
     202 
were not frequented by Eastern Grey Kangaroos (such as the riparian zone), partitioning was almost 
complete, because Black Wallabies were able to utilise the community in the absence of competition 
from Eastern Grey Kangaroos.  In other communities, considerable spatial resource overlap was 
observed.  The two species occupy common ground and significantly shared the spatial resources offered 
by those communities (river floodplain and grassy woodlands).  The utilisation of spatial resources was 
shown to be related to vegetation biomass.  At times when biomass was low, overlap increased and as 
productivity increased so partitioning became more apparent.  This probably resulted in varying degrees 
of competition between the two species which was dependent upon the resources available.   
 A digital CSLM image herbarium of plant epidermal fragments derived from the stem, abaxial 
and adaxial epidermis of 233 vascular plant species was created. The plant species collected were the 
most abundant in the study site and represented most of the forage biomass available for macropodid 
herbivory.  It was found that the use of traditional Gentian Violet stains was satisfactory for CSLM 
purposes. 
 The information in this image herbarium was managed by the use of a magnetically stored 
database program which allowed for the rapid recall of images for identification and comparison 
purposes. 
 Determination of the plant species present and their abundance in Eastern Grey Kangaroo and 
Black Wallaby faecal pellets was performed using CSLM, the digital herbarium and database. No 
significant difference could be detected in the faecal contents of Eastern Grey Kangaroos at any one 
sampling time, regardless of the community in which the scats were deposited.  There were small 
differences in the proportions of the various plant groups over time.  Eastern Grey Kangaroos were 
specialist feeders, at all times selecting monocotyledonous plants (especially grasses).  Small proportions 
of all other plant groupings were found in Eastern Grey Kangaroo faeces. 
 70% of the plants which were included in the reference collection were never detected in the 
faeces of either macropodid.  This is not to say that they were not present in the diet, because their 
fragility may well have lead to their total digestion and their consequent complete absence in the faeces. 
 Significant variations in the content and the proportions of plant species were found to exist in 
Black Wallaby faeces.  Black Wallabies were generalist feeders capable of utilising plants according to 
their availability in the field.  All plant species consumed by Eastern Grey Kangaroos were also 
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consumed by Black Wallabies.  However, there were plant species present in Black Wallaby faeces 
which were never discovered in the faeces of Eastern Grey Kangaroos.  The variations were shown to 
be related to the abundance of plant species in the communities where feeding occurred.  There was, 
therefore, significant dietary overlap between Black Wallabies and Eastern Grey Kangaroos at some 
times and in some places and it was virtually absent in others. 
 Graminoids present in Black Wallaby faeces showed significant spatial variability and this was 
seen for other grass species also. This observation probably reflected the adaptability of the Black 
Wallaby to utilise a variety of plant species in its immediate home range. 
 It is clear that in the Coranderrk Reserve, the Black Wallaby did include substantial quantities of 
grass and other graminoids in its diet and this contradicted the conclusion of Floyd (1980, p 97) who 
stated: 
 “its (the Black Wallaby) diet consists of a variety of forbs and shrubs but very  little grass is 
eaten.” 
The finding does substantiate the results of Harrington (1976) and others (Hollis et al. 1986) who report 
significant proportions of grass and other graminoids as contributing 25% and 17% to Black Wallaby diet 
respectively.  Osawa (1990) and Ramsay and Engeman (1994) found that Spinifex Grass (Spinifex 
sericeus) can constitute up to 90% of Black Wallaby diet. 
 Some authors have reported fungi as an important component of Black Wallaby diets (Hollis et 
al. 1986) and that the contribution of fungi is most important in the autumn (Harrington 1976).  These 
fungal fragments could be identified in mouth and stomach contents by these authors, but this study did 
not reveal recognisable fungal fragments in faeces.  It is possible that some of that part of the completely 
unidentifiable category listed in tables 7.3.4.1 - 7.3.4.6 may have been fungal in origin.  Spores have 
been known to survive macropodid digestion (Hollis et al. 1986).  It is also possible that fungi are 
completely or almost completely digested and absorbed in the Black Wallabies’ gut.  Hence any 
quantitative study of macropodid diets based on faecal analysis should be restricted to vascular plants.  
 Spatial and trophic resource partitioning by Eastern Grey Kangaroos and Black Wallabies were 
shown to be fluid and dynamic.  The two species may have competed substantially for both space and 
food in those communities which were selected by Eastern Grey Kangaroos as feeding sites.  
Competition probably increased significantly when forage biomass was at a minimum although it was not 
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demonstrated that food resources were, at any time during the study a limiting factor.  The Black Wallaby 
was capable of utilising a more diverse array of food materials, occupied a smaller home range and was 
found in all areas including those that were not heavily utilised by Eastern Grey Kangaroos for feeding.   
 The environmental conditions that existed during the study period were relatively benign without 
drought or other resource limiting factors operating.  It is, however, clear that dietary overlap would 
become more significant under adverse conditions.  Eastern Grey Kangaroos have been known to be 
able to respond to adverse environmental conditions and this study has shown the ability of Black 
Wallabies to respond to available dietary items.  Jarman (1984, p. 84) has reported on the flexibility of 
the Eastern Grey Kangaroo in its feeding behaviour: 
 “Instead of seasonally changing their choice of feeding habitats, these sedentary  populations 
varied the plants and plant parts they chose to eat.  They ate some  items as they became seasonally 
available” 
Taylor (1980) reports on the dietary flexibility of Eastern Grey Kangaroos by pointing out their ability to 
choose their diet in response to the varying quality and availability of plants and plant parts.  This 
flexibility was not seen in the study reported in this thesis and probably reflected the relatively plentiful 
supply of forage eaten by Eastern Grey Kangaroos.  Other species have a similarly stable diet and it has 
been suggested that selective feeders will have limited options perhaps because of the high cost of 
incorporating novel foods (Lee and Hauser 1998).  It likely that under more difficult environmental 
conditions Eastern Grey Kangaroos may contribute to a reduction in plant species diversity.  At present 
this condition in the Coranderrk Reserve seems to be largely brought about by the Black Wallaby.  
Under the conditions in the study site, it is likely that any observed decrease in native plant diversity, 
especially in the herb, forb, shrub and tree compartments was due to Black Wallaby herbivory rather 
than the grazing activities of Eastern Grey Kangaroos, although specific causal relationships were not 
established. 
 
8.2. Implications and Management Issues 
 The major focus of macropodid management problems have centred on the impact of these 
animals on agricultural or forestry  ecosystems (Caughley and Grigg 1981, 1982;  Caughley et al. 1987;  
Gibson and Young 1989; Montague 1996).  Kangaroos have traditionally been seen as competitors for 
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herbage to the detriment of domestic stock, especially sheep (Griffiths and Barker 1966).  The origin of 
the techniques of faecal analysis in macropodids was derived from a need to understand the competition 
between these species  (Storr 1961;  Griffiths and Barker 1966).  Black Wallabies are known to browse 
both native and introduced tree seedlings in commercial plots (Waters 1985; Montague 1996). 
 More recently similar problems have emerged in nature and remnant reserves which are being 
managed with conservation as the prime value. (Coulson and Norbury 1988). 
 A complicating concept which is difficult to measure is that of public perceptions about 
macropodids.  Although awkward to document, there appears to be a general idea that large kangaroos 
are endangered and in need of protection (Grigg 1984, 1988).  Likewise the affection for the kangaroo 
on the part of the Australian and indeed, the international public, clouds the management of these animals 
because greater empirical value is bestowed upon these species as individual members of complex 
ecosystems than they deserve.  This affection translates into political decision making based on popular 
ethic rather than scientific principles. 
 Often this can result in a relative disregard for the consequence of these actions upon the other 
biotic and abiotic components of the community (Coulson and Norbury 1988).  In the nature reserve 
situation, the importance of an understanding of the herbivory of macropodids is vital for the management 
of populations of these species. 
 In remnant woodland Reserves the ecological problems attributed to excessive macropodid 
herbivory and indicated by the findings of this thesis are as follows: 
 
8.2.1. A Reduction in Native Plant Diversity and Biomass.  
 The preservation of the species diversity of orchids and lilies has often been considered to be an 
important management objective for the Coranderrk Reserve (McMahon and Carr 1991) and Eastern 
Grey Kangaroo herbivory has been implicated as the major cause for the perceived deterioration in the 
status of this group of plants (Nelson and Dynes 1991, cited in McMahon and Carr 1991).  The ‘orchid 
patch’ is an old exclosure located in the dry Red Stringybark/Narrow-leaved Peppermint woodland 
community.  It was constructed to protect orchid and lily species from grazing pressure in 1978.  
McMahon and Carr (1990) report the presence of three species of orchid within the patch and an 
average of ten in comparable vegetation outside.  It is apparent that reducing grazing pressure actually 
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decreases orchid species richness.  This reduction in species richness may have been due to the general 
closure of grazing induced gaps in the vegetation which occurred when macropodid herbivores were 
excluded.  It appears that the grazing of forbs and grasses was necessary for the maintenance of species 
richness, however, the appearance of orchids and lilies in the faeces of both macropodids indicated the 
potential for local loss of orchid and lily species if macropodid populations become excessive.  Orchid 
fragments were especially found in the faeces of Black Wallabies located in communities where these 
plant species were not detected.  Either the Black Wallabies, moved beyond their home range areas to 
select orchid pick or the orchids were not detected in the vegetation sampling strategy because of their 
rarity.  Given the findings of this work for Black Wallabies, the second explanation is likely to be the best.  
Regardless, Black Wallabies did include orchids in their diet and they deliberately sought them out and 
selected them above other available forage.  Traditionally, responsibility for this observation has been 
ascribed to the grazing activities of the Eastern Grey Kangaroo (Nelson and Dynes 1991, cited in 
McMahon and Carr 1991).  
 It would have been useful in understanding this problem if a more detailed account of the field 
abundance of orchids and their differential digestibility had been obtained in this study.  It becomes a 
matter of deciding whether or not the inclusion of rare species in the herbarium is worth the effort.  This 
decision can be made when the objectives of the study are considered.  In work such as this, where a 
general picture of resource use was required the usefulness of including every species in the herbarium 
was questionable.  However, if it was desirable to investigate the role of herbivory in the decline of rare 
species then they would clearly need to be included in the herbarium.  There is a balance between 
diversity and herbivory that needs to be determined by the use of exclosures. 
 
8.2.2. The Lack of Shrub and Tree Recruitment. 
 The Coranderrk Reserve tree biomass (especially Acacia and Eucalyptus sp.) available for 
herbivory was low because of growth habit, but one of the management problems in the Coranderrk 
Reserve is the lack of recruitment of tree and shrub species.  Fire regime is an important part of 
recruitment and the Coranderrk Reserve has not experienced a fire with sufficient heat to release seed 
stores from canopies in recent years (Ashton 1981; O’Dowd and Gill 1984; Noble et al. 1984).  Small 
quantities of leaves from these trees, particularly in Black Wallaby scats, indicated that this macropodid 
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plays a role in the observed absence of tree recruitment.  In addition, the ‘orchid patch’ which 
experienced reduced browsing pressure from Black Wallabies contained six species of Acacia 
compared with only two in the remainder of that community.  Further exclosure studies would be 
valuable in identifying those plants with reduced or absent abundances due to herbivory by macropodids.  
The orchid patch phenomenon indicated that there was soil-stored seed, but that unprotected seedlings 
will rapidly disappear.  It is likely that this is in some part due to the herbivory of Black Wallabies.  
 The Black Wallaby is a generalist feeder, and although they clearly do compete for herbs and 
shrubs with Eastern Grey Kangaroos, the predominance of grasses in the latter’s faeces indicates its 
more specialist grazing niche.  It is possible that the shrub fragments detected in Eastern Grey Kangaroo 
faeces represented leaves from newly emerging shrub seedlings which were inadvertently consumed with 
grass during foraging.  If this was the case then Eastern Grey Kangaroos may be partly responsible for 
the observed decreased recruitment.  However, given the Black Wallaby population and the significantly 
high shrub content of their faeces (8.0%) it is more probable that Black Wallabies were largely 
responsible for the phenomenon.  
 An extensive survey of C. quadrifida abundance, height, diameter and cover has been 
undertaken so that the recovery of this species after culling can be used as an indicator.  These findings 
are not reported in this thesis but will be published after the appropriate management strategies have been 
implemented. 
 
8.2.3. The Promotion of Indigenous and Exotic Weed Species. 
 Weed invasions constitute one of the major issues for managers of reserves such as the 
Coranderrk Reserve (Buchanan 1989; McMahon et al. 1989; Carr et al. 1991; Albrecht 1991).  An 
understanding of the grazing and browsing regime which operates on these weeds will be important for 
management strategies and decisions.  The presence and spread of Sweet Vernal Grass (A. odoratum) 
in the Coranderrk Reserve has been identified as one of its major management problems (McMahon and 
Carr 1991).  The predominance of M. stipoides over A. odoratum in the faeces of both macropodids 
and field observations indicate that macropodid grazing behaviour allowed the reproduction of the 
introduced species to proceed relatively unhindered and exerted pressure on the fecundity of the native 
species.  If the two plant species are competing for a similar niche then a reduction in grazing pressure 
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may assist the native species to proliferate over the introduced one.  The expansion of non-indigenous 
weed species such as Sweet Vernal Grass is therefore promoted by macropodid herbivory. 
 The Tussock Grasses generally form solid clumps which rely on grazing pressure for their intact 
nature.  The removal of grazing usually results in the increasing peripheral growth of the tussocks with an 
expanding tussock diameter and senile central portions.  This results in a proliferation of concentric rings 
of tussocks and opens up the swards creating gaps which are suitable for other (mostly exotic) species.  
From the management point of view, it is therefore important to maintain a level of herbivory in this group 
of grasses which will prevent the swards opening up in this way. 
 Both H. lanatus and L. perenne are exotic grass species found in macropodid faeces.  
Conservation values underpinning the management of the Coranderrk Reserve would see species such as 
these reduced or eliminated from the flora.  The effect of reducing populations of herbivores on the 
abundance of heavily grazed introduced grasses such as these needs to be considered in decisions which 
lead to macropodid culling.  Rabbits have largely been eliminated from the Coranderrk Reserve by the 
use of a 1080 poisoning and a shooting program, leaving macropodids as the major vertebrate 
herbivores.  It is possible that if macropodid populations are reduced, then survival of these grasses may 
improve in the absence of herbivory possibly because of increased fecundity.  This hypothesis needs 
further investigation.  To eradicate these weeds would almost be impossible because wind dispersal of 
seed from neighbouring properties would constantly reinfest the Coranderrk Reserve.  
 One of the most common management strategies for controlling exotic weed infestations is to 
slash the inflorescences and hence destroy the plant’s reproductive potential, until a more permanent 
removal can be instituted.  Black Wallabies performed this task and given the unusually high Black 
Wallaby population at the time of this study, it is to be expected that a culling program could result in the 
propagation of these weed species to saturation levels. 
 Similarly, the presence of Blackberry leaves (Rubus spp.) in Black Wallaby faeces suggested 
that the contribution made by this macropodid in the control of this weed’s propagation in the 
Coranderrk Reserve may be important.  Small forms of this plant species are seen to be heavily browsed 
with some individuals displaying complete defoliation.  If these small plants can escape browsing 
pressure, they will eventually grow large enough to produce fruit, smother competition and survive the 
impacts of browsing.  The impact of a Black Wallaby culling program is therefore likely to be significant.  
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On the other hand, ingestion of Rubus spp. fruits was not tested for in these experiments but Black 
Wallabies may provide a route for the seed dispersal of this species as do foxes and emus (Brunner et al. 
1976).  
 Burgan (K. ericoides) has been widely observed to behave as an indigenous weed (Carr 1992) 
and has been seen to expand, presumably because it is not browsed (Judd 1990).  McMahon and Carr 
(1991, p. 32) state: 
 “ ...the Coranderrk is unusual in that the most serious of invading species is  Kunzea 
ericoides (Burgan), an ‘ecologically out-of-balance’ indigenous species  which itself is liable to 
eliminate or seriously degrade much of the vegetation  of the area.” 
The invasion of this species is more probably related to fire regimes or other factors and its development 
is probably independent of the macropodid population.  The long term absence of fire has resulted in a 
paucity of competitors for K. ericoides and this combined with the maintenance of open colonisation 
sites by grazing action probably accounts for the weed-like behaviour of this species. 
 C. latifolium (Forest Hound’s Tongue) behaves similarly.  It inhabits the wetter drainage line 
sites and appears to be an unpalatable native herb.  In several communities it completely dominates the 
forest floor to the exclusion and detriment of other plant species.  The continued success of this plant is 
related to browsing habits and is probably explained on the basis of the absence of competitors in the 
shady forest floor niche because they are heavily browsed and grazed by macropodids.  A decrease in 
this foraging pressure may allow these competitors to re-establish themselves in this niche. 
 Diets of Black Wallabies and Eastern Grey Kangaroos indicate that if a significant decrease in 
browsing and grazing pressure associated with a population reduction was implemented, changes in the 
populations of these plant species would follow. Hypochoeris and Rubus spp. are important exotic 
weeds which are currently present in the Coranderrk Reserve.  They are both significant contributors to 
the diet of the Black Wallaby and would be able to reproduce extensively in the absence of this heavy 
browsing pressure.  Management may have to consider the use of herbicides to control or eradicate 
these species. 
 Available forest floor plant biomass would increase significantly if populations were reduced to 
the suggested levels and this will increase fuel for wildfire and possibly bring conservation values into 
conflict with those of the Country Fire Authority and neighbouring properties.  It may be necessary to 
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undertake extensive slashing of grasses. 
 The use of exclosures and indicator species such as C. quadrifida for the monitoring of the 
effects of reduced grazing pressure is an important management strategy which will inform the manager of 
the vegetational responses and allow a clearer picture of the ecologically sustainable macropodid 
population levels. 
 
8.3. Resource Use and the Management of the Coranderrk Reserve. 
 The Eastern Grey Kangaroos and Black Wallabies of the Coranderrk Reserve utilised spatial 
and trophic resources in a manner which impacted upon some of the reserve’s management problems.  
Both species foraged for vegetation and in doing so assisted in the maintenance of the ecological integrity 
of this vegetation when the resources were utilised in a sustainable manner.  The work in this thesis 
suggests that resource sharing/partitioning by the two macropodid species was uneven in its degree and 
impact over the various communities of the Coranderrk Reserve.  Eastern Grey Kangaroos fed in limited 
locations which were characterised by the presence of dense grassy swards.  The Black Wallabies also 
utilised these areas, but in addition fed in every other community of the Coranderrk Reserve.  Interaction 
between the species was therefore, most likely in those communities whose ground cover was dominated 
by these grassy swards.  Single macropodid species effects occurring in the absence of interaction would 
have occurred in the communities occupied largely by Black Wallabies. 
 The management problems of communities occupied by Eastern Grey Kangaroos and Black 
Wallabies together were dominated by the apparent lack of shrub and tree recruitment, and the presence 
of exotic grasses and herbs in the ground stratum.  It would seem that both species contributed to the 
latter problem because they both utilised the grasses and helped to maintain the suite of exotic plants 
which were found there.  The lack of recruitment by woody species appeared to be attributable largely to 
Black Wallaby browsing. 
 In the remaining Coranderrk Reserve communities, Black Wallabies, being the only significant 
vertebrate herbivore present, were largely responsible for the management problems of these area.  The 
indigenous weeds, K. ericoides and C. latifolium showed a spreading dominance of the shrub and herb 
layer respectively in many of parts of these communities.  This was promulgated by Black Wallaby 
browsing habits.  The persistence of H. radicata throughout these communities may not just have been a 
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function of its ground-hugging habit and the biotic potential mediated via its massive seed release, but also 
by Black Wallaby browsing activity which may have removed competitor plant species from the H. 
radicata niche.   
 The communities occupied by Black Wallabies alone were those which supported the greatest 
orchid and lily flora.  The noted decrease in diversity of these taxa appear to have been at least in part, 
attributable to Black Wallaby herbivory.  Hence many of the current management problems of the 
Coranderrk Reserve can be attributed directly or in part, to the utilisation of resources by macropodids, 
especially Black Wallabies. 
 If wildlife management is the management of wildlife populations (Caughley and Sinclair 1994) 
then strategies available to address the Coranderrk Reserve’s problems centre around controlling 
macropodid populations.  For macropodids, this is usually performed by culling, removal and 
translocation, the reintroduction of predators, sterilisation or other fertility control strategies.  In the 
Coranderrk Reserve, vasectomy of dominant Eastern Grey Kangaroo males has arrested the rise in 
Eastern Grey Kangaroo populations that might have been expected.  The population of Black Wallabies 
has not been controlled by management.  In the absence of foxes and with decreased competition from 
Eastern Grey Kangaroos, the Black Wallaby population has increased substantially in recent times.  
Dietary resource utilisation studies in this thesis indicated that controlling the Eastern Grey Kangaroo 
population contributed to the increase in the Black Wallaby population because trophic and spatial 
resources normally utilised by Eastern Grey Kangaroos became available to Black Wallabies. 
 Among other strategies, the populations of both macropodid species need to be controlled if the 
listed problems are to be addressed.  The questions that arise are to determine the appropriate 
population sizes and how they are to be achieved. 
 Shepherd and Caughley (1987) draw attention to the difference between economic and 
ecological carrying capacities.  The first concept is agriculturally based and seeks to derive the maximum 
possible animal biomass per hectare which is sustainable.  The second concept is appropriate for 
managed woodland reserves with conservation values.  It represents the sustainable population size over 
long periods in the absence of harvesting, and having due regard to biodiversity. 
 The ecological carrying capacity of woodland reserves will be the population sizes which, in 
addition to other strategies (e.g. fire regimes, rabbit removal, herbicide application, strategic planting, 
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restoration of normal hydrology) will result in the amelioration of the problems listed above.  The 
determination of these carrying capacities is difficult to quantify.  Long term baseline data about the 
vegetation structure and its relationship to macropodid populations are not available.  Coulson and 
Norbury (1998) suggest that vegetation dynamics in the absence of macropodid herbivory need to be 
monitored if ecological carrying capacities are to be determined. In the absence of this information they 
advise that population levels should be maintained at the carrying capacity seen in a poor season.  
 Poor seasons and marginal circumstances often bring macropodid over-grazing and its impacts 
on the vegetation to the attention of wildlife managers (National Parks Service 1984; Department of 
Conservation, Forests and Lands 1987; Department of Conservation and Environment, Victoria 1991).  
The foraging impact of macropodid populations, often in the absence of their normal predators and in 
confined patches, is to rapidly increase their population sizes and utilise most available herbage to the 
detriment of other ecosystem components.  Eventually, the forage biomass deteriorates, especially in 
adverse seasons and it is then incapable of supporting the macropodid population leading to a decrease 
in forage species diversity and the collapse of the macropodid population (Newsome 1973; Robertson 
1987) 
 Troy and Coulson (1993) found that under benign environmental conditions Black Wallabies 
established a maximum home range of 16 ha in the Coranderrk Reserve. If there was no intra-species 
home range overlap, then this would allow for a population of approximately 10 Black Wallabies in the 
Coranderrk Reserve.  There is overlap and because of this an ecologically sustainable population target 
may be of the order of 20 - 30 Black Wallabies. The current population is approximately 120 and hence, 
this recommendation can only be achieved by a massive population reduction program.  It would be 
difficult to achieve this number over a short period given the resources available.  A monitoring program 
which assessed the vegetation structure would need to be performed so that ecologically sustainable 
population levels could be accurately determined. 
  Walker (1998, p 1) suggests that resource management has to proceed through learning 
and advises: 
“ Wildlife management is based on a simple formula; 
· try different things 
· monitor the outcomes 
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· adjust the management actions 
· repeat” 
This advice is appropriate for the management of the macropodid populations of the Coranderrk Reserve 
and for other woodland reserves. 
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Appendix 1: Vascular Plant Species Recorded In The Coranderrk Reserve 
Adapted from McMahon and Carr (1990) and Willis (1977).  Taxonomic nomenclature as used in 
McMahon and Carr (1990).   Plants are listed alphabetically.  Species labelled with an asterisk denote 
an exotic species. 
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 Appendix 2:  Vascular Plant Species Included In The CSLM Reference Herbarium And The 
Time Taken (h) To Clear Mesophyll From The Specimens  
Adapted from McMahon and Carr (1990) and Willis (1977).  Taxonomic nomenclature as used in 
McMahon and Carr (1990).   Plants are listed alphabetically.  Species labelled with an asterisk denote 
an exotic species. 
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